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ANNOTATTION

Thls book examines different physical characteristics
of globular star clusters of our galaxy, obtained from observations
performed at different astronomical observatories throughout the
world. The first part of the book presents the investigations of
different observations and formulas for reducing the observations
to a uniform system. The second part of the book gilves a catalog
of all the globular clusters of all galaxies which are known at the
present time, and presents their characteristics in a uniform
system with an indication of the sources. The book is designed for
specialists 1n astronomy, students and asplrants studying astronomy.
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PRETFACE

The basic idea of this book and the catalog of the general /S T¥

characteristics of the globular clusters of our galaxy 1s very
gsimple. However, some people may,find the following ideas
to be debatable.

811 of the theories and Interpretations of complex phenomena
are used to understand nature and the processes taking place
within 1t. The planéts, stars, star clusters, galaxies, Ilnter-
stellar and intergalactic medium represent evolving forms of
matter whose structure is complex.|ihen developing a theory for these

forms of matter or interpreting a certain complex phencmenon, we
inevitably must Zeave out of consideration many details and

processes. We cannot examine them, because they are simply not yet
discovered or because they are not assumed to be of great
significance. Thus, we do not include these characteristics

and detalls in our investigations.‘ This is often related to the
assumptions formulated. Unfortunately, the assumptions are fré-
quently not formulated with the requisite accuracy or frankness.

In addition, ¢taking information into account which was neglected
or omltted may radically change the current interpretation.

This does not negate the heuristic value of theory. On the
contrary, the development of any science clearly shows that a
~good theory, in splite of all i%s simplifications, leads fto out-
standing discoveries both 1n the 1nvestigation of nature and in
the study of the development of society. However, any good

# Numbers in margin indicate pagination in orlginal foreign text.

iv



theorj must be based on facts which are the most reliable for

that period of time. A real unity of theory and practice is
necessary. It became obvious long ago that glcbular clusters

of our galaxy are representatives of old, relatively autonomous
stellar systems. This made them excellent objects for studying
stars in late stages of development (in terms of absolute age).
When reading a survey published fifteen yeafs ago by H. P. Sawyer-
Hogg (1959), one can readily see the striking diversity of the
material published at that time on the most general characteris-
tics of globular clusters. About ten years ago, a plan was
initiated to reduce the most general characteristics to a uniform
system in order to use them with a relisbility which was adequate
for our era. In spite of that, during these 10 years, numerous
new observations were published and a great number of theories
were developed. However, the diversity of the material still
remains. Throughout this entire period, in Moscoﬁ work was
carried out to develop a homogeneous system of the baslc character-
istics of globular clusters. It recently became apparent that AN
it@éﬂ time to put an end to fthe continuous processing of data

as new informationi}@]obtained. A decision was made not to use
papers received in Moscow after 31 December 1973. Only in one
case was this decislon disregarded.

In this paper, an attempt was made to use direct observations.’
However, in some cases, some of the most important characteristics
of globular clusters and the stars populating them could only be
obtained by using the equations and relationships following from
modern theories. Thus, the unity of theory and practice in this
paper was realized as far as possible, although particular empha-
sis was placed on utilizing observations.

The bodk consists of two parts.



Part 1 contalns a description of the baslc characteristics
of the globular clusters and the methods of reducing the obser-
vatlons and measurements to a uniform system. Each of the
chapters in this part glves brief information on the importance
of the examined characteristics of the globular clusters.
Analytical¢p§pulggj values of the guantities used for fthe
reduction are given. In some cases, the original methods and
measurements are published. The catalog of the basic character-
istics of globular clusters of our galaxy 1s based on Part 1.

Part 2 contains summary tables of the most general
characteristics of the globular clusters. In almost every case
we were able to give estlmates of the accuracy of the data
presented. The tables of Part 2 are preceded by a brief
description of them. This description unavoidably obtains cer-
taln information given in Part 1. Thils was done to avold the
necessity of readers using only the catalog ?EBiﬁﬁfﬁTEEAPéiim}:m}f.

The Preface 1s given in both Russian and English. Part 1 of
the book 18 only given in Russian. Therefore, at the end of the
first section there is a brief explanatory text given in English.
That includes a very brief description of the main contents of
Part 1.

This book should be regarded as a preliminary attempt. In
the near future we hope to noet only improve the catalog but also
expand it, by adding the globular clusters of the [Magellanic
clouds, the!ﬁE@romeda nebula and posslbly other stellar systems.

The author would like to express his deep gratitude to many
individuals for their assistance in the work. M. P. Popova and

N. N.'Kiﬁé?éﬁgﬁaérr;edrout_qﬂgreat amount of computational work

on computers, N. P. Kukarkina and N. N. Kireyeva regularly
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assisted on different stages of the last period of the workj
N. N. Kireyeva took part in the solution of several problems.

There was also considerable assilstance by V. P, Goranskiy, P. N. “olos

Kholopov, A. V. Mironov, N. N, Samus' and Yu. V. Voroshilov who
took part in the discussion of se&eral stages of the paper. A
number of scientific workers of the Stellar Astronomy and
Astrometry Chair of Moscow Unlversity and of ‘the Variable

Stars Sector of the Astronomical Council of the USSR Academy of
Sciences took pért in the discussion of some reports which were
delivered during the preparation of the book.

G. V. Zaytseva and V. M. Lyutyy carried out a number of
photoelectric measurements of globular clusters. A. S. Sharov
asslisted in the calculations of the interstellar absorption of
1ight. Yu. N. Yefremov and N. N. Samus' assisted in the trans-
lation into English. I am deeply indebted to the following persons
for sending their books, reporfts and preprints and communicating
new information on globular clusters: H. A. Abt, G. Alcaino,

H. C. Arp, L. Detre, R. J, Dickens, O. Eggen, S. M. Faber,

W. 3. Fitch, C. R. Fourkade, J. Graham, H. H. Guetter, G. H. Herbig,
J. E. Hesser, I. R. King, T. D. Kinman, G. E. Kron, K. K. Kwee,

J. R. Laborde, T. Lloyd Evans, G. W. Lockwood, W. Lohmann, D. J.]
MacConnell, G. Mannino, N. U. Mayall, L. Meinunger, W. W. Morgan,

P. Th. Qosterhoff, W. Osborn, A. G. D. Phillip, L. Plauk,

L. Rosino, B. M. Russev, H. B. Sawyer Hogg, B. Szeidl, C. 5. Smith,
K. Aa. Strand, G. A. Tammann, A. Terzan, S. L. Th. J. Van Agt,

G. B. Van Albada, S. van den Bergh, A. A. Wachmann, A. Wehlau,

R..E. White, H. Wilkens, R. F. Wing, F. Zagar.

I would like to thank T. A. Krasyuk and T. D. Nishcheva for

their considerable assistance during the preparation of the manu--
script for print. .
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Errata for NASA TT F-16157
B.V. Kukarkin, "Globular Star Clusters. The General

Catalogue of Globular Star Clusters of Our Galaxie"
801tran February 1975

1 - use "r" instead of "R

22 =~ "background" instead of "backround"

3 - "Schraffierkassette" instead of "Shovaffy

plate holdenr" . 4
11 - "rounded off" instead of "circular" .

13 - "photcoelectric photometry" instead of "electro- .
‘photometry" ’

18 - "has" instead of 'have"
1 - "Lick" instead of "Linsk"

22 - "combined" instead of "global'
line- “"Radcliffe" instead of "Radkxliffov"

5 ~ omit comma after Terzan [ie ... of Terzan 5 =
' IRC-20385 {(...] ' -

19 - "photoelectric photometry“ instead of "electro-

L photometry" ‘
26 - "photoelectric @hﬂﬁaaﬁ%ﬂy“ 1nstead of Melectro-
o photometry" :
12 - "photoelectric pihustsmecdsy instead of "electro-
‘ photometry" .
2 - "proper motions" instead of "eigen movements"
7 - "proper motions" instead of "eigen movements"

18, - "Kukarkin" instead of "Xukerkin® ,
7 - "pelation" instead of "dependence for"
15 - "relation" instead of "dependence"

12 - "sufficiently reliable" instead of "very unreliable"



INTRODUCTION

The interest in globular clusters has greatly increased 1n iﬁii_
the last 15~20 years. Globular clusters are comparatively
uniform aggregates of stars with a mean mass on the order of
105 - 106 of thé mass of the Sun (there are assumptions regarding
larger masses). Globular clusters have a varlety of specific
characteristics (different integral absolute stellar magnitude,
difference in abundance of heavy elements in the atmospheres
of stars in a given cluster, as conmpared with other clusters,
different diameters and‘finer differences). However, all globular
clusters are similar, in terms_6f—éffﬁbﬁﬁre'Bffthéiﬁ]spheroids
with central symmetry. The Hertzsprung—ﬁussell dlagrams (hereafter
designated as H-R diagrams) have ércommon strué%ure, whieh differs
only by the development of a horizontal branch and the inclination
of the branch of the_giants.“ This provides a basis for assuming
that all of the glcbular clusters were formed as a result of the
game process, which took place at different stages 1n the develop-
ment of our galaxy. This may explain their characterlgtics.



The .present characteristics of globular clusters are the
result of the prolonged influence of evolutionary changes upoh

the initial conditions which in themselves provided for the

dispersion of the basic characteristics (mass, lum1n051tyi

llum1n051ty functlon, etc. )MAJ

Globular clusters are the characteristic representatives
of the population of such d1351m11ar stellar systems as the
elliptic galaxy M87=NGC 4486= radio’ Source Vlr_A the Andromeda]
nebula (M31 = NGC 224) and both Magellanlc clouds ’This makes
~globular clusters suitable objects for extensive space research.
Thus, for example,/P. J. E. Peebles, R. H. Dicke, 1968 assume|:
that globular clusters could have been formed earlier than the
galaxies and are relict objects. Many studles have recently been
published deveted to determining the evolution of stars in
“globular clusters (see, for example, M. Schwarzschild, 1970;
I. Iben, 1971}, the problem of the helium content (see, for
example, A. Sandage, 1969; A. Mironow, 1973), and other problems

of contemporary astronomy.

Our | problem does not include an historic analysis of the

development of opinicns on the nature of globular clusters and
on the problems of cosmology and cosmogony. There are extensive
monographs and summaries devoted to these problems.' Without
pretending to be complete, we should note the old but classical
monograph of ‘H.!Shapley, 1930). .We should also ﬁ%t%sthe attempt /16
of . P. Pared@go, et. al., 1949) to reduce ghe observations
to a single scale and to formulate a correct concept of the system
of globular clusters in our galaxy. We should also note the

- extensive monograph contalning a great deal of information by

?ﬁf} B. Sawyer-Hogg, 1959., and the more contemporary but, unfor-

tunately, already outdated summary of H. Arp, 1965.] ..



In the last 15 years there have been many studies of

individual globular clusters of our galaxy, the Magellaniclclouds
and the Andromeda nebula. Many of these studies will be mentioned
and used in the present book.

During the study of the extensive information on globular
stellar clusters, carried out in Moscow for more than 10 years,
the great diversity of the measurements of the basic character-
istics of the globular clusters performed by different authors
was discovered. This led us to a general revlsion of all the
accumulated information and to a reduction of all the measurements

to a single system.

The present work represents the results of almost 15 years of
work. The differing characteristics of thérglobularrétap:”'
clusters were obtained. They are glven 1n Tables A, B, C, D, E,

F located at the end of the book. In the majority of cases,
it was possible to not only obtain the characteristics of the
" globular clusters in a single system, but also To evaluate
objectively the errors in a -large portion of the values 1in the

tables.

The following text gives all of the necessary information
explaining how all the values were obtained in the basic tables
of the catalog of the globular clusters of our galaxy.

One of the baslc purposes of the study was to obtain
universal characteristics of globular clusters directly from

observations, so that theoretical considerations, which fre-

quently have a temporal nature, would not Influence the results.
It was not possible in every case to aveld the influence of
contemporary theoretical concepts. Thus, for example, the ratio
of the total absorption A to the seleétive absorption E (B-V) was
assumed to equal 3. However, there are opinions regarding the



dependence of this value both on the energy distribution in each
emitting source, and on the difference of this value in different
parts of the galaxy. When the scale of the distances was
selected, a significant dispersion was assumed in the absolute
values of stars of the RR Lyrae‘ﬁygga}based on the contemporary
calculations of models of these stars. When determining the
value characterizing the content of metals in the atmospheres
of stars of different globular clusters, characteristics were
used which are related to the-bhémieal compesition only based on
_concepts of contemporary_ﬁhgéfigéJ This 1s obviously unavoildable
in any contemporary study?ﬂ /17
The greatest difficulties are encountered in an examination
of the dlameters of globular clusters. In this case, preference
was given to using direct observations, although theoretical
Investigations of this problem are very reliable. Unfortunately,
preliminary results of the investigations, which were performed
by ‘L. R. King, 1974, were obtained only in January, 1974, and
could not have a great influence on our results. However, it

was possible to make a comparison with his investigation. |.
H. Wilkens was of great assistance in the problem of the diameters:
It was even decided to include his investigations as an independent
supplement to thils book. However, technical difficulties prevented
us from doing this. The investigations of H. Wilkens will be
published separately, as a supplement to the collection "Variable

Stars".



1. .POSITION OF.GLOBULAR CLUSTERS IN THE CELESTIAL SPHERE. /18

Exact measurements of the average locations of globular
clusters are devoid of a great deal of meaning, due to the
eXxtent of these objects and the difficulty in determining the
density center. The main purpose of the coordinates of globular
clusters is rapid'identification on the celestial sphere and a
study of their three-dimensional distribution and kinematics.
Accuracy up to a tenth of a minute of time in the right ascensilon
and up to one minute of arc in the declination is satisfactory

for these purposes.

The coordinates of all the globular clusters, which were
known by the time the manuscript was ready to be published
(31 Décember 1973), were carefully wverified by means of different
lists and maps. In the case of contradictiong or diserepanciles,
independent approximate determinations of coordinates were made.
All of the determinations were reduced to the equinox of 1950.0.
In some cases adding clusters found to globular clusters was
considered unjustifled, and these clusters were not included in
the catalog (for example, clusters 3 and 8 of the 1list of

A. Terzan, 1971).

In Table |A|(Page 114]) the first column gives the name of the
globular cluster used 1n this book, and the second column gives

flts name as encountered in the llterature, 1f IR IR ARERE

there is one. For the maaority of the clusters, the flrst column
~gives thelr number based on the NGC catalog, and other names are
only given for clusters which are not found in this catalog.

The clusters are arranged in order of the NGC numbers, so that
there can be small inversions in the right ascensiong. The

third and fourth columns gives the equatorial coordinates for

the 1950.0 equinox. For convenience in converting the coordinates
to other equinoxes, the fifth and sixth columns give the values of



the yearly precession, also for the 1950.0 eqguinox.

The last two columns of Table A give the galactic coordinates
of the globular clusters. They are calculated in a new system
used at the present time [coordinates of the northern galactic
pole: R.A. = 1249™; Decl.=+ 2794 (1950) 1.

The coordinates of the g;obular clusters are not regssted_

Qin any of the subsequent tables W!~

Table B gives the values of the cosines and sines of the
~galactic latitudes and longitudes for all the globular clusters
of Table A, These quantities may be useful when solving problems
related to the investigation of the three-dimensional distri-
bution of globular clusters or in a study of theilr kinematics. ' /19
The rectangular galactic coordinates respect to the Sun may be
calculated according to the following formulas:

r+cosb +ainl
reainb

i
n Ry

tecos b cosl /

o~
LMo
N Mt N

To calculate the distances of the globular clusters from the
center of the galaxy, the following formula may be used

R=yR2+ 17_2.1.R_. cosb coasl J
¢ 0
(4

To facllitate .all of these calculatlions, Table B also gives'
' the values of the products of the gines and cogines of the 1at1tudes

and longitudes in formulas (1) - (4).



"In these formulas R|designates the distance of the globular
clusters from the Sun; Rg-u distance of the Sun from the center
of the galaxy; R— distance of the globular clusters from the

center of the galaxy.

The last column of Table B gives the values of csc b (in terms|
of the modulus). These values may be useful when solving problems
related to a study of the influence of the;;gﬁgqggégl§g_§g§gggg;9§_qfN

light in photometric and colorimetric measurements of the - &
globular star Clusters.'] /20

2. .INTEGRAL STELLAR MAGNITUDES

Measurementg of the integral stellar magnitudes of globular
clusters are necessary to determine their absolute values, the

lumﬁﬁpé}ég; funection, and certain other important characteristics.

Attempts to determine the integral magnitudes of the globular
clusters were even carried out at the beginning of the century
(J. Holetschek, 1904). These determinations were repeated by
other astronomers and an attempt was also made to reduce them to
a single system (M. E. Nabokov, 19@5;{1931).‘ However, random and
systematic errors in all these determinations were so great that
no atfention is now given to them.

Determinations of the integral photographic values of all 93
~globular clusters known at the present time were made in the second
half of the 20th century (H. Shapley, H. B. Sawyer, 1927,

H. Shapley, 1930}. These determinations were not very accurate, '
and the scale of the stellar magnitudes was diverse and nonuniformf
However, up to the present integral magnitudes of certain clusters
have been determined only in thgsg_g@ﬁ@iqg and, ipjg?itg;of their|

low accuracy, their use is still unavoidable (see below).



Shortly afterwards, the first attempt at photoelectric photo-
metry of globular clusters was made (J. Stebbing, A. E. Whitford,
1936). 'This study ' measured only the integral magnitude of the
clusters, defined by three diaphragms of differdng diameters.

In the majority of cases, even the largest diaphragm was smaller
than the diameter of the clusters. Nevertheless, these measurements
could be reduced to a slingle system of stellar magnitudes (see
below).

An excellent study using photographic photometry of globular
clusters was made by means of a so~called "dot-dash platqtﬁolde;ﬁb
(W. H. Christie, 1940).

Only a little more than 10 years ago studles appeared which
made it possible to provide a baslis for a system of integral
stellar magnitudes of globular clusters (H. L. Johnson, 1859;

@. E. Kron, N. U. Mayall, 1960). The last of these two studies
carried out tricolor photoelectric photometry of 67 globular
clusters with a large group of diaphragms whose dimensions were so
large that they encompassed practically all of thekéﬁé}s of)

even very extended objects. The 1ntegral magnitude of the cluster
was the asymptote to whlch the stellar'magnitude strived of a
glven globular cluster, which was measured w1thk1arger ]*“ !

diaphragms. The stars 1n @he_backround canlnaturally[tdlstort|

the results obtalned. Thus, the influence of the background
unavoidably increases when a change is made from the galactic pole
to the galactic equator. The increasing interstellar absorption

“of 11ght acts in -the opposite directior. ' o ST o i___.

e _-h_..uwfhﬂ-—-f— S e e e e T

-

R I S T—— e R L__;_w*-f-._A r—— PRt -_-_» - g
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In-recent years, numerous photoelectric multi= color, and

wide-, intermediate-, and narrow-band measurements of globular
clusters have been made. Some of them (just as previously, the
photographic determinations) were sultable for determining the

integral stellar magnitudes.
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Before describing the method of reducing all of the determina-
tions of the integral magnitudes of the gldbular clusters to a
single system, we must make some methodical comments. More than
?ﬁg}years ago 1t was found (P. P. Parenago, 1930) that the absorption
of light in the Earth's atmosphere has a differing influence upon
the magnitude of stars and the extent of the objects. Extended
objecits apsort more Strongly than sbellar chiects.|! Unfor= |

tunately, this effect, which has a simple and unique explanation
(with an increase in the atmospheric layer, the light of the weak
regions of the extended objects withdraws to the region of noise)
has never been studied in photoelectric measurements. However,
when compéring photoelectric measurements of glocbular clusters
carried out by different authors, I repeatedly noticed that the
 greatest differences were encountered in clusters with the lowest
altitudes above the horizon. Actually, in this case even a small
difference in the latitudes of the observation locations can cause
considerable changes In the atmospheric layer. Thisﬂeffeqt} is
particularly apparent when comparing the integral magnitudes of
very southerly globular clusters measured in the Northern Hemisphere,
with the integralAmagnitudeb;measured in the Southern Hemisphere,
where the same clusters reach reglons close to the &éhith on the
celestial sphere. Unfortunately, published materiéié make it
impossible to obtain a reliable numerical determination of this
effect. Special studies are required. The 1mpossibility of
allowing for this effect compelled us to regard it as a certain
additional "nolse" (in the hope that 1t would be close to zero

when taking the average of several|nsasurenents)

The following four series of observatichs were used to
obtain a preliminary system of integralEgiéiigﬁ:ﬁégﬁi?ﬁqeéfgf'
globular clusters:

A. Measurements of integral magnitudes of ¢. E. Kron,
N. U. Mayall, 1960 were made without additional reductions.



B. Measurements of H. L. Johnson, 1959, carried out with
a limited number of diaphragms, were reduced to the complete
integral magnitudes by measurements of the preceding Series A4,
corresponding to the same diameters of the dlaphragms as the
measurements of Johnson. No additional corrections were made.

C. Measurements of J. Rousseau, 196§Jwere expressed

~graphically, and the "asymptote" was determined for them, just

a8 was done in A,

D. Measurements of J. R. King, 196§Jwere subjected to the
same procedure.

A preliminary mean square error was determined by comparing
all four series of observations with each other. It was found
to be approximately identical for each series of cbservations
and was close to :0F10. Thus, the simple average of all the
investigated series of observatlons was selected.

The preliminary wvalues thus obtalined were used to reduce
all other series of observations to %?Y??E@,Y:bh??9t°%€%gh?¢"J
observations were reduced to system B, which was obtalned by

adding the values of é;%ﬁto the preliminary values of V.

Reduction of the measurements of integral stellar magnitudes
was performed by fTwo methods a and b (except for special cases):

Method a. If, for the clusters measured in the report being
studied, there were already measurements of sftellar magnitudes
with different diaphragms in the studies A,B,C,D, just mentioned,
then the difference beftween the complete integral magnitude and

~~

the magnitude corresponding to the dimension of the diaphragm used

was subtracted from the measured magnitude. When there were no meas-

urements in  A,B,C,D, clusters were selected with similar diameters

10



and approximately identical #differences between the magnitudes in
the diaphragms used.

Method b.

For all The globular clusters common to the study 1nvest1gated
and for our preliminary list, based on theUstudles A,B, C D_ the

methed of least squares was used to solve 8 3ystem of equatlons
of the following form

"V=a4+bmy+elgd

(5}

Here V—1s the integral magnitude of the preliminary list, my—
measured magnitude with a given diaphragm in the work investigated,
land 1lg d — logarithm of- théhdlameter of the glven globular clusterl
(according to our data reduced to a single system, seesp#ge [124]).

In determining the final reduced Valueeiithe average weighted
value was selected (determlnatlonsﬂmade by the first method)
%ad» a weight of 2; those made by the second method -— 8 weight

of 1).

Previous determinations of the photographic stellar magnitudes
usually required more complex methods of reduction to the B
scale (see below).

N

—_ — - . e — e

BeIOwae glve a descrlptlon of redu01ng all tﬁe“series of

observations used by us to our preliminary photometrlc system in
the V and B bands. The observations used by us are arranged in

™~

chronological order,



1. Determinations of photographic integral'magnitudes?ofl

Sawyer,

H. B. and Shapley, H., 1927 {(mSS)

The problem of reducling the photographic stellartyﬁgnltudes y
The scale of the

of Sawyer and Shapiey (mSS) is very compleX.

R

magnitudes (mSS) is not linearly related to the photometric system

B. Figure 1 gives a graphic 1llustration of the dependence of

(mSS) and B.

determinations.
clusters with magnitudes from 3
8™0 and clusters from 870 to 13T0

to 670;

can be represented by

It 1s apparent that we have several "families" of
Seven clusters are brighter than 45 . ten

clusters from 670 to

different linear eguations. This is probably due to the fact

that the determinations were made

different equipment and different

emulsions.

using photographs obtained on
It wag found that

in each of these sections the magnltude determined depends not

only on the true magnitude of the cluster, but also on its

diameter,

absoclute magnitude and color.

Since dividing the

entire complex of questions measured into four groups is very

arbltrary, it was decided to calculate a single reduction equa=

_tion, omltting two of the brightest clusters.

Figure 1.
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As a result, the following equation was obtained

B =8,04 +0,495 @388 + (.61 (B~V) — 1.58 tgd +0.25 Mg
+ (.033 t 0,14 t 0,28 .03 -

ﬁﬁre MB designates the absoclute magnitude of the globular
clusters in System B.

The mean square error of one determination equals 0837,

2. Determinatiors of the photographic integral magnitudes
(B. Vorontsov-=Volyaminov, 1929) (VV)

The following reduction equation was obtained:
B = 6,604:0,46 VV + 0,73 (BoV)— 278 lga
: £ 0,11 t 0,48 3,80

The mean square error was'rﬂ?ﬂ&l

-« Fled {v}

3. Determinations of photographic integral magnitudes
A. N. Vyssotsky, E. T. R, Williams, 1933 (VW)

The following reduection eguation was obtained:

B =080 +.0,92 VW - 0,31 (B-V)
t 0,09 0,32

The mean square error was :0P2i,

o 27900 o g,

(6)

(7)

(8)

13



by, PhotoelectriC'measurements‘of‘J.'Stebbins; A, E. Whitfofd,
© 1936 (StW)

The integral astellar magniftudes were measured with three
diaphragms having dlameters of 128", 64" and 42", Usually the
cluster was measured with one diaphragm as a function of the
cluster diamefter. There were 52 such clusters. Fbﬁfteenﬁeluspers
were measured with two dlaphragms, and only two were'measﬁred
with three diaphragms.

Both methods described on page 10| were used in the

reduction. In the case of the first method, measurements from
the studies A,B,C,D were used. For the second methed, the

.
3]
S

following reduction equations were found:

Vo= 5,80 4:0,73-5tW (1289 — 4.28- 144

t 0,04 0,41
Vo= 5.86 +0,52+5tW (64") ~ 3,97 1gd
_ 0,08 £.0,20 {9)
; V=627 +0,50.5tW {(42) - 3,81 15 4
* 0,06 0,89

The integral magnitudes of StW calculated by”the two methods
were dirlectly compared with our preliminary magnitudes 1in order to

determine the color equation. The following formulatwas obtained:

Ve 036+ 101 StW ~ 0,49 (Bov)

4, + 0
902. L 0,00 (10)

The mean square error of the measurement of one cluster was

£015.]

14



5, Photographic measurements of W. H. Christie, 1940 (Ch).

The very valuable gseries of photo metric measurements of

:Christle, perfé?ﬂgaﬁgﬁ meaﬁE“EEfEEE'"ShB?ETT§_ETEE5 holder'™ ““”“*f*ﬁ'f
were very good with respect to the scale, but not very accurate
as compared with our preliminary. system of 1ntegral magnitudes.
The f0110w1ng veduction formula was ootalned. G T

) o i S TV SR SR Y
e - i, - - k f e e e e i — e et e i e

‘ - "B = 0,07 +:1,00 cn-—nalcs_w
£0,02  +0.11

SR (11)

The mean square error of measuring one cluster was :5®2,

6. Measurements of the photographic integral magnitudes
_ A. Wallenquist and A. Lundby, 1944 (WL)

The 1ntegral magnifudes measured by Wallengulst and
Iundby may be reduced to System B only by means of two systems
of equatlons (clusters brighter than and weaker than B= 10?0).

B=8.31+033WL — 0,65 (B-V) =1.211gd (V< 107p) F

£ 0,08  *0,58 +0,89 (12)
B ee047 4 1,08WL+ 0,41 (B-V) ~2,161gd. (V> 1020
£0,20 20,45  *.0.01 (13)

Co
The mean square error of measuring one cluster was;ﬂ?2&]
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7.  Measurements éf the integral magnitudes of C. Feﬁ}éﬂ%achj
1948 (Fr).
&7 a . '

'

Th%?integral magnitudes measured by Fehrenbach were?closer
to the photometric system V than B: '

B= {53+
"t

0.46 Fr ~0,60 (B-V)
0

]
W04 "R 20029 (14)

o

¢
The mean square error of measuring one cluster wag 29721

™~
o
LA

8. Photoelectric measurements, 8. van denn Bergh and R. C, Henry,
1962 (vdBH).

The integral stellar magnitudes corresponding to a wave-
length close to the V system were obtained with a 28" diaphragm.
Both methods described on [page 10 wers used in the reduction.| .

In the case of the first method, measurements from the studles
A,B,C,D were used.

For the second reduction method, the following formula
was obtalned:

V = 9,39+ 0,30 vdBH ~ 5,08 lgd -
£0.07 . £0,33
. (15)
The mean square error of measuring one cluster was i+0F3L|

g. Photoelectric measurements, S. van den Bergh, 1967a, 1968
(vaB67,68).

The integral magnitudes of ‘48] globular clusters were deter~

mined by van den Bergh in 1967, using a {gfﬁifwaiéphragmﬂfg
Just as in the preceding cases, two methods were used. The

16



following formula was obtalned for the second methdd'

V4,52 4+0,73 vdBST — 3,11 lgd -
+ (.05 + 0,22 (16)

The mean square error of measuring one cluster was £0M14, |

In the work of 1968, the integral magnitudes were only given
for five globular clusters. They were measured with 60" and 30"
diaphrams. The first reduction method was used in the regular
way. The derivation of the formula for reduction by the second
method was unreli@ble, due fo the small number of clusters. The
following equation was obtained formally (graphically)

Ve 3,056 + 0,71vdB§B— 355 lg d }
B (17

However, the erﬁ&%ﬁof the coefficients wére so great that the
calculated values were used with a double reduction in weight.
The mean square error was given an arbltrary value of';ﬂ?l&'

10. Photoelectric measurements of J. S. Neff, 1970 (Nf).*

Just as in the previous cases, two reduction methods were
used. The following formula was obtained

V= 427+ 0,08 Nf ~ 2,87 1g d
£0.17 0.94 (18)

The mean square error of measuring one cluster was +0%26.}

™~
Ny
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11, Photoelectric measurements of G. V. Zaytseva and V. M. Lyutiyl,
T K
1974 (ZL) °

The photoelectric measurements were carried out 1n 1971-1972
in the UBV system with 137" and 68" dlaphragms. Reduction to the
complete integral magnitude was done by two methods, just as for
the other series of observations with diaphragms which did not
completely cover the clusters. The following formulas were obtained
for the second reduction method:

0,78 ZL {137) — 2,38 g d
0,06 £ 0,30 :
0,63 2L (68} -3.58 1gd
0.06 20.35 £ (19)

b
K
o
o
-8
R I S

The mean squére error &f measuring one cluster was:zéPmJ

12. Electronographic measurements of G. E. Kron, 1973 (Kr).

In answer to my request, G. Kronikﬁﬁﬁi&f gave me the pre-
liminary results of electronographic obsér%gﬁions of lh‘globular
clusters. In addition to the measurement of diameters (see
below), Kron also obtalned the integral magnitudes of these
clusters. His measuremenfs in the V system practically colncide
withj@@%\preliminary system, and are related to it by the
following formula (obtained graphically):

V=002 + 0,99 Kr | (20)

The mean square error of measuring one cluster was ':0P11,|

18



13. Photographic measurements of H. Wilkens, 1937 (Wk).

1t 1s particularly interesting to note the first attempt
at tricolor measurements of integral stellar magnitudes, which
was not completely successful in terms of accuracy but is still
interesting in terms of content. The integral magnitudes were
measured of 27 globular clusters 1n three sections of the spectrum
b,v,r, close to the B,V and R regionsg. Their reduction to our
system led to the foilowing formulas:

B 7,76+ 0,39 (Wkyb + 0,47 (BV) — 300 lgd+ 0.27 2

_ +0.08 £0,36 .67 £0.27 (20a)
V='8.24+ 0,63 (Wk) g - 0.40 (B—V) = 2.661gd ~0.10 2

i F0T £027  $047  20.93 (20b)

Ve 7.64+ 0,41 (W) - 0,27(B-V) — 289 lgd \ (20¢)

0,06 $0,28 0,44

The mean square errors of measuring one cluster were, respectively,
(#0.32, £ 0.25and £ 0.26,/ -

Each of these formulas was used to calculate the reduced
values of the magnitudé&according to the data of Wilkens, which
were reduced by means g} the values (B-V) to the V system. Then
the welghted average of these three values was calculated. It was
calculated with the weight of 0.4 in a determination of the overall
average.

Table C gives the weighted averape values of V apparent inte-
~gral-magnitudes of all the globular clusters for which measurements

or determinations were made. The error of the measurements and thé

number of measurements were taken into account when establishlng
the weights. The weight corresponding to the mean square error
+0710 ‘was used as the unit of weight. The following numbers
correspond to the sources, on the basis of which the mean welghted
value of V was calculated.

19
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. The photographic observations reduced to the B system
were reduced to the V system by simple subtraction of the final
" values of the color equivalents B-V (see the following section),
which were derived from the earlier integral stellar magnltudes.
The welghts of the photographic measurements of the integral
stellar magnitudes of the globular clusters were much less than
the weights of the photoelectric measurements and were significant
Qply_y@g@ there was a very small number, or none, of photoelectric

measurements, or when they were unreliable.

3. COLOR EQUIVALENTS

iipj present day photometrle systems, color equivalents
provide very important information about the physical character-
istics of obJects and interstellar absorption. In the last 15
years many measurements have been made of globular clusters in
the photometric systems U,B,V,I. Therefore, the decision was
made f£o reduce all observations made 1n these systems, or systems

similar to them, to afsimiié?méﬁégéiﬂ\ In addition, in recent

years, many measurements have been made in narrow-band and inter-
‘mediate-band photometric systems;_gHowever, it was 1mpossible

to reduce them to uniform systemﬁf;ig)spite of the fact that

thelr information content was greater than the information content
of U,B,V,I photometry, the solution was made to only consider

the sources in this book (see‘pag%s'égmto 31). |

A system selected by 3. van den Bergh, 1967, was chosen
as The preliminary system of globular equivalents B-V and
U-B. All of the observatlions which were used were reduced to it.
~The system of H. L. Johnson, et al., 1966, was selected with
respect to the color equivents V-I. It is related to the system
v-I (G. E. Kron and N. U. Mayall, 1960) by the equation

Va.l=0,245 4 1,203 (V1) KM
£0,609 £0.014 _ (21)
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- All the measurements were reduced to the Johnson system.

The reduction of color equivalents to a single system is

magnitudes, and is usually reduced to obta}nlng a llnear equation‘
with two terms (zero-point and proportionality coefficient).
A description of all the series of observations which we studled

is given below.

1. Color system of C2, J. Stebbins and A. E. Whitford, 1936 (StW).

A large amount of measured clusters makes 1t possible to
obtain a reduction formula with great reliability.

BV = 0,883+ 2,748 C,
£0,008 £ 0,072 , (22)

The mean square error of the measurement of one cluster
is £0708)

5. S8ix-color photometry, J. Stebbins, 1950 (St).

The (B-G) values of Stebblns have the closest relatioﬁﬁl

ship with the values of B- V They are related by the formula
‘BuV = 0,833 + 1393 (B~G
ST o0 voze / (23)

The mean square error of the measurement of one cluster
is 0P|
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3. Photoelectric color indices of J. Dufay and J. H. Bigay,
1959 (DB).

B-v e 0,031+ 0,060 DB (24)
£0.086 + 0.044

The mean square error of the measurement of one cluster is
0207,

-

i, Photoelectric measurements of H. L. Johnson, 1959 (J).

B-V= 1,018] -0.020
£0,030 0,031 (25)

The mean square error of the measurement of one cluster is
£ 05045,/

5. Photoelectric measurements of G. E. Kron and N. U. Mayall,
1960 (KM). '

The measurements were performed in the P-V system, but it
is linearly related with the B-V. system by the following formula

BV = 0,074 + 1.068 KM/

+ 0,012 * 0,013 (26)

The mean square error of measuring one cluster is idﬁmﬂ

6. Photoelectric measurements of S. van den Bergh and R. C. Henry,

~

1962 (vdBH).

The values of C(41-51) were used, which are very closely
related to the values of B-V by the equation o
B.V s 0,039 + 1,027 vdBH
+0.048 £ 0,060 (27)
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The mean square error of measuring one cluster is EOFWHK

7. Photoelectric measurements of J. Bousseau, 1964 (Rou).

BV = 0008 + 0,998 (Ron)
- £0.024 * 8.023 / | (28)

The mean square error of measuring one cluster isliwh%,f

8. Photoelectric measurements of I. R. King, 1966b (Kn).

Only measurements which were made with the three largest
diaphragms were used in calculating the reduction. 8Since nine
clusters in all were measured with a very small dispersion of
the B-V values, it was decided not to calculate equations of the
regular type, but to limit ourselves to only the average difference

between the measurements of King . and the system of van den'Bergh\

BV = Ka +0,02 (29)

The mean square error of meéasuring onewcluster is 207021,

9. Photoelectric measurements of S. van den Bergh, 1967a, 1968 ¢ /31
(vd3).

BV = 0018+ 0,981 vy - 30
£0.013 £ 0,015 / (30)

The mean square error of measuring one cluster 1s oM1g,
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10. {Intermedlate band_photometry;[J ER Neff 1970 (Nf)}

: ; o o - : | i W TR
"f— um of two 1ntermed1ate band coloriequlvalenELL~Akwwfu”x;x

oyt
K

B

ié(Y +¥y) = Nf wWas found to have the closest relatlonshlp with the_;;”_J;};
B—V values - The following equatlon was“obtalned

+0.019 £ 0,036

e
—

_w P

—_— W - . - . - e e
e —-«,‘:ﬁ.,,_.j.\ . RWW—#“‘“‘M—J ~ \_—"_“"‘_ﬂ" T.—H——d”—‘_"-—-————f‘._*ﬁ‘“\__\*‘\r?r satetel
B—V=0£18+IJ4BNw T (31)

The mean square error of measuring one cluster is #sﬁmzj

11l. Photoelectric measurements of H. H. Guetter, 1973 (Gt).

The numerous measurements of Guetter, which were kindly put

at our disposal, were performed in a system of six-color photometry.

The B~G values were found to have the closest relationship with
the B-V values. They were related by the equation

B-V= 0.587 + 1 (B-G)
+0,008 £

8 (32)

1,38
0.020

The mean square error of measuring one cluster is :gﬁmal

12. The intermediate band photometry of S. M. Faber, 1973 (Fab).

The intermediate band color equivalents (U45-55) were found
to have the closest relationship with the B-V values. The follow-
ing equation was obtalned:

39 (45~56)

Bev s 0183 + 1)
+ 0.050 (33)

3
£ 0.026

L= ]
-

The mean square error of measuring one cluster istﬁﬁml[
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13.

The photoelectric measurements of G. V. Zhyiseva and V. M.

Lyutiy, 1974 (ZL).

The measurements‘were used before:they were ﬁublished.

. BV = 0,038 + 0,968 (ZL)
- 0.024 ¢ 0,023 | (3%

The mean gquare error of measuring one cluster is ¢0ﬁm&}

There were fewer measurements of the very important color

equilvalents U-B and they were less accurate than the B-V measure-
ments or the equivalents close to them. Nevertheless, their

measurement was particularly important, because, since they

encompass the region of the Balmer discontinuity and the ultra-
violet emission behind the discontinuity, the U-B values provide

additional information about the chemical composition of the

stellar atmospheres.

Information is also given about the series of measurements

of the U-B values or the equivalents close to them, which we

employed.

ron

i
WA

: : H. L. Johnson, 1959 (J).

Photoelectric measurements of

-

g

The mean square error of measuring one cluster is‘thﬁuﬂ
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2. Photoelectric measurements of J. Rousseau, 1964 (Rou).

U-B= 1114 Rou~0,015 :
£0,052  *0.018 (36)

The mean square error of measuring one cluster is 07026

3. Photoelectric measurements of S. van den Bergh, 1967a, 1968
(vdB).

9
D19 ‘ (37}

The mean square error of measuring one cluster is iﬁ%%ﬂ

i, Intermediate band five-color photometry of R. D. McClure and
S. van den Bergh, 1968 (vdBC).

The sum of all four color equivalents C(42-45) + C (41-42) +
C (38-41) + C (35-38) = vdBC, had the closest relatlonship with the
values of U-B. The following equation was obtalned. -

‘U-B= 0,826 vdBC - 0,539
£0.019 20,020 & (38)

The mean square error of measuring one cluster 1s ':0%3s,!

5. Intermediate band photometry of J. S. Neff, 1970 (Nf).

The sum of two|/intermediate band color equivalentéﬁ@ﬁ*fg fo

had the closest relationship with U-B values. The followilng
egquation was obtained:

! UaB = 0,744 Nf 0,070
10,034  +8.019 . , (39

The mean square error of measuring one cluster is i+0f0a2):
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6. Photoelectric measurements of H. H. GQuetter, 1973 (Gt). /3

The measurements were performed in a six-color photometric
system. The comblnation of the;u%[ﬂhN)+ﬂ(U—anGhjcolors was fdund
L : -
to have the closest relationship with the U-B values. They were

related by the equation:

U-B = 0,149 + 0,831 Gt (40)
t 0.0 J

_ 0,009 £ 0,030

The mean square error of measuring one cluster is 07051

7. Intermediate band photometry of 3. M, Faber, 1973 (Fab).

The following combination of 'intermediate band measurgm@nngQfl
S. M. PFaber wazs found to have the closzsest vrelationship wlth the

U-B values: Fab=-L(35-45+208-#1\. Both values are related:

) -
by the equaticri

U~B = (0,812 Fab — 0,878 \

£0,034 £-0.036 (41)

The mean sguare error of measuring one cluster isltﬂﬁle

8. Photoelectric measurements of G. V. @aﬁtsova and V., M, Lya&iﬁ,
1974 (ZL)

The measurements were used before they were publisheﬁJ

U~B= 0,018 + 0.84] ZL
* 0,0

+0,011 + 0,027 (42)

The mean square error of measuring one cluster is ::07028,
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Unfortunately, there are very few observations of the globular
clusters in the near infrared region; however,‘they are very
diverse with respect to the bands which were selected by the
observers. A comparisoh of individual series of observations
showed that they may be readily reduced, wlthout systematic
deviations,to the V-I system which we selected (H. L. Johnson,
et al., 1966}.

Information is also given about the series of measurements
of V-I which weiémployed or thelequivalents similar to this system.

1. Bix~color measurements, J. Stebbins, 1950 (St).

The G-I difference of .Stebbins was found to have the eclosest
relationship with the V-I values. The following equation was

cbtained )
vl = 0,616 + 0,917 5t

£0.012 ¢ 0.008 (43)
The mean square error of measuring one cluster is-iﬁ%ﬁmj

2. Photoelectric measurements of ¢. E. Kron and N. U. Mayall, / 3}
1960 (KM).

1.2
0.014

Vovalz 0,245 '
\ 0,009 #

03 KM \ (44)

The mean square error of measuring one cluster is hn?ou.}

3. Six-color measurements of H. H. Guetter, 1973 (Gt).

fhe G-1 difference of Guetter. was found to have the closest
relationship with the V-I values. They are related with each other -

by the following formula;

V-i=

0,950 + 0,846 Gt
£0,018 ¢ 0,019 - (45)

28



_The mean square error of measurlng one cluster 1sJ+0mme

I, TIntermedlate band photometry of S. M. Faber, 1973 (Fab)

The difference obtained by Faber (7h-55) for 10 clusters
was found to have the closest relationshlp with the V-I value.
The formula relating these values was obtained graphically

V1= 138 Fab — 0.166 | (46)

The mean square error of measuringyone'clueﬁefri§ﬁ;DﬁM2J

Table C (Page 120-125)) gives the average weighted values of
the integral stellar magnitudes in;the V syatem of the color
equivalents B-V, U-B, V-I. A unit of weight corresponds to the
mean sguare error iﬁ?lMy The columns behind each of the four
values give the sources designated by numbers corresponding to
the studies which were used in calculating the weighted average.
A l1list of them 1s given after the table, and the complete
source 1s glven in a list of sources used at the end of the
book.

Narrow band, intermediate band photometry

and spectrophotometry of globular clusters

The integral spectra of globular clusters represent the
total effect of superimposing the spectra of all the stars in
a cluster. It is apparent that the integral spectrum is pri-
marily determined by those stars.in the cluster whlch make the

P

~greatest contribution to_EEg_EgEggﬂemission of tth} LT

e ST

spectral regions of Interest to the reseéarcher. Therefore, the . T

“egradients of the spectra themselves as well as the spectrophoto-
metric measurements, and
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- the intermediate~ and narrow-band photometry, canndﬁibe unequivocal
functions of temperature, chemical compoesition, or any other

., characteristic of the cluster emission. Nevertheless, such

- studies are important, since they make it possible to make a
tentative Jjudgment about the physical characteristics of globular
clusters,

A list of published studles in this discipline and their
brief characteristics is glven below.

~

1. S. van den Bergh and R. C. Henry, Publications of David buﬂlaﬂ
Observatory, Vol. 2, 1962, pp. 281-313.

The relative intensities for several circular valueg of
wavelengths are given for 21 globular clusters, obtained by
scanning the spectra. They are used to derive auxiliary values,
correlated with temperature, the content of heavy elements, etc.
We partially-used these measurements already, and will use them
below,

2. _R. D. MeClure and S. van den Bergh, Astronomical Journal,
Vol. 73, 1968, pp. 313-337.

Intermediate-band electrophotometry of 67 globular clusters,
as a result of which the following color eqguivalents were derived:
c(42-45), c(hi-42), C(38-41) and C(35-38). They may be used
to derive the auxiliary values which are correlated with
temperature and theﬁcontentiof‘héavy eléments. The measurements

were already used previocusly to obtaln the U-B values and will
be used below. '
X . EIIE
. f? . - . . " . ) . N } X . , ., " . X '. ‘l . . . a-" .. o .
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- 3. _H. L. Johnson and D. H. McNamara, Publications.qf Astronomiégﬂ
Society Pacifie, Vol. 81, 1969, p. 485,

Narrow band photometry of 15 globular clusters. The values
b=y, m, c1 and B were measured. The measurements will bhe used ;ateﬂ
to determine the content of metals and the spectral class.

4. J. 8. Neff, Montly Notices)Royal Astronomical Socilety, Vol. 149,
1970: pp- }45"50.

The intermediate-band photoelectric measurements in four
spectral regions. The X1 %o and x3 values obtained make it
possible to determine the temperature, spectral, and regular color
equlvalents. The measurements were already used and will be used
below in the text. 1In all, nine globular clusters were measured.

5. W. H. Gsborn, Position of Globular Cluster Stars in the
Physical H-R Diagram, Thesis, 1971.

The intermediate-band measurements of individual stars in
the globular clusters M3, M5, M1C, M13 and M92, obtained by deter-
minling temperature, content of metals, and acceleration of gravity
on the surface. They will be used below in the text.

6. 8. M. Faber, Astrophysical Journal, Vol. 179, 1973, pp. 731 -
754.

'? Ten-color, intermediate-band electrophotometry of ten
 g1obu1ar clusters in the 3500 - T400 A wavelength region. Many
~derivative values were obtained from them, making it possible to
determine several characteristics. The measurements were used %o

obtaln the color equivalents, and will be used below in the text.
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In addition, individual deferminations, which were made /36
concurrently with other studies, of different characteristics
of individual globular clusters were published. They will be used

later in the text with the corresponding bilographical references.

The recent discovery ef the excess Infrared emisslon in the
spectrum of the M15 cluster (MgGregor, et al, 1973) at a wavelength
of 10.2 ﬁ, 1s extremely Interesting and very promising. The
nature of this phenomenon is still unknownj however, it is
apparent that we must search for similar phenomena in the central
regions of very massive globular clusters of greatfluminesity,e
strong concentration, and large dimensions of the nuclel (for
example, 47 Tue, o Cen, M3, NGC §093, M92, NGC 6641, M) ).

The identification of the globular clusters MI2 and M15
with X- sources of 3U 1736 + 43 and 3U2131 + 11 is very interesting,
but requires verifilcation. If the l1ldentification is confirmed,
further studies of k;r ¥y emission of the globular clusters will be
very desirable. o

A. G. Davlg; Philip, 1973 have carried out numerous narrow-
band photoelectric observatlons of stars ﬁfﬂ certain globular
clusters, primarily with respect to the hot stars of the horizontal

branches. The study has been very informative.

Everything related to spectral and photometric studies of

~global characteristics of globular clusters. awalts a more
. extensive theoretical 1nterpretation The accumulated knowledge

about the functions of lumin051ty1 and the color of several

~globular clusters makes 1t possible to formulate valid models

and to compare the characteristics:of these models with the observed
character;gglgs of the clusters. This problem will arise in sub—~

S e ——6— M——-\-‘v-“‘ - o

sequeﬁ% ehapters Of tH"“EBBk, But we shall noﬁ eturn to it -

each tlme
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4. SPECTRAL CLASSES ‘“—

The determination of the inftegral spectral classes of
globular clusters is of great importance, if only for the simple
reason that the criteria of spectral classification do not
depend on interstellar absorption, in contrast to almost all other
photometric measurements. It 1s true that the chemical composition
of the stars inﬂglobular clusters is closely related to the
criteria of spectral classification. This leads to difficulties
and contradictions in spectral classification.

If we do not take into account the pioneering attempt to
determine spectral classes of globular clusters of the veteran
of spectral stellar classification, A. J. Cannon, (1929) we must\
consider the first contemporanﬁstudy to be that of N. U. Mayall
1946,

Like many of our predecessors, when selecting a system of
apectral classification we employeﬁ the determinations of
W. W. Morgan, 1956 and T. D. Kinman, 1959b. Both of these
series of observations practically coincide and are based on the
CH/Hy ratio. We did not take into account the systematic
difference between the determinations of one and the same clusters
by these authors which amounted to less than one tenth of a
spectral subelass. All of the remaining determinations of the
spectral classes are reduced to thils system. Below we give a list
of all the spectral series of observations used and the reduction
formulas or tables.

1,2. .Speetralietassificationvof N, U. Mayall, 1946,
- The study of Mayall_gives’two series of spectral classes of

driteria used at the Mt. Wilson Observatory and measured in the
old system. The flrst series corresponds to spectrograms obtained .
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wlth-a spectrograph on a 36" refractor, of the Linsk Observatory.
These spectral classes are related with the CH/Hy system which we
selected by the following equation

:Sp = F4.46 + 0,41 (M3§" - F[) \ (47)

where the value (M36" - F0.0) designates the difference between
the spectral class of Mayall and FO.0 expressed in tenths of a

spectral class.

The second series of Mayall corresponds to spectrograms
obtalned on the Crossley reflector. These spectral classes do
not have a linear relationship with the system we selecte@iamd
the dependence 1is tabulated. The first symbol corresponds to the
spectral class according to Mayall (Mc}ﬂand the second — to the

™~

spectral class in our system. /30
NG CH/Hy  MC CH/E ¥C CHMy  MC  CH/H,
| A5 F20  FO F3. F§  FB.3 G0 Fa.0
L A6 F23 © F1  Fat F6 FB.8 Gl F8.8
AT FLE - F2 P4 F7  F6.3 G2 F9.3 or G6.0
i A8 F2.8 F3 F4,8 FB F6.8 G3  GO0,2 or G4.6
F A9 FL0 F4 F4,9 FO R4 G4 G138

As may be seen, for spectral classes 1ater than Gl, this
dependence 1is amblguous The wvalue which 1s 1n best agreement
with cther determlnatlons 1s usually selected.

3,4,5. Spectral classification of Morgan, 1956, Kinman, 1959 b.

As was pointed out above, the speetral classification of
Morgan and Kinman\based on the Ch/Hy ratio, was used by the authors-
as the system. Both series of determinations of Morganﬁwhich he
carried out both from spectrograms obtained by Mayall on the. .
Crossley reflector and from spe01a11y’obta1ned spectrograms on th%
82" reflector spectrograph of the MacDonald Observatory, are based
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on the MK standards. Measurements of Kinman, Obtained from
spectrograms on the 74" reflector of the Radkliffov Observatory
in South Africa are based on the same Ssystem.

6. Spectral classification of S. Van den Bergh, 1969.

Studying the photometric and spectroscopic characteristics
of globular clusters in the Andromeda nebula, Van den Bergh deter-
mined the spectral classes of U2 globular clusters 1n our galaxy.
He applied the MK standards to four spectral regions: the lines
of H and K Ca IT, A4226 Ca I, the G band and AU325 Fe I. For-
tunately, just like many other characteristics of globular clusters °
based on spectral or photometric characteristics, these measure-
ments of Van den Bergh are related both with-temperature and with the
content of the heavy elements,. In other caSes,'fhey may be. used
both for spectral classificatibn and for determining the content
of metals. The average values of the four determinations of
Van den Bergh, which he designated by the symbol L, had the best
agreement with the system of spectral classes which we selected.
These values do not have a linear relationship with our system
and are tabulated (see the table).

L cHmMy L cHm, L cHmy L cum,
A9 "F2,0 F3 F&2 CF7 F8.9 - 61 G4
FO F2.7 F4 F63 F§ GD.D G2 G5.8
F1  F33 F5 FT.0 F9 G2 63 GT.5
F2 o F4.3 F§  F8,0 G0 62,5

1. _Spectral classification of P. J,. Andrews and T. Lioyd Evans, /39
1973 (ALE)

Using somewhat different criteria than those of Kinman, the
authors determined the spectrgl q}asggs of 17 globular clusters

with the spectrograph in the iprim%,ifocus of the 74" reflector
© of the Radkliffov Observatory. A comparison of the spectral
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tlasses which they determined using the G band with our spectral
classes led to the following linear equation

Sp = 1,014 (ALE ~F0,0)~ 0,35 | (48)

where "the value (ALE-F0.0) designates the difference between the
Spectral class of the author, and F0.0 expressed in tenths of a
complete spectral class.,

In contrast to the integral stellar magnitudes and the color
equivalents, whose numerical values always make it possible to
determine their accuracy, it 1s more difficult to determine the
accuracy of establishing spectral classes. Nevertheless, a com-
parison of the preliminary (before introducing the welghts)
average values with the values of individual series of determina-
tions makes it possible to determine the relative accuracy. It
was found that the measurements of spectral classes of Morgan,
Kinman, Andrews and'Lloyd Evans were the most accurate. They
used a welght of 3, using as the unit weight the guantity corres-
ponding to the mean square error in one tenth of the complete
spectral class. In the case of‘@§SSibiéﬂuh¢prtainty, these
weights were reduced the corresponding amount. All the remaining
direct determlnations of spectral classes were given the weight
of 1.

In addition to direct determinations of spectral classes,
indirect determinations were made, based on photometrle measure-

ments.

1. Meggurements of intensity of G-bands of S.C.B. Cascoigne and
Ziv "J. A, Koehler, 1963.

The quantities v show the correct correlation with spectral
~classes. Corrected for interstellar absorption, these quantities
- are related with the spectral classes by the following equation
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found graphically

Sp = 40.2 (y~ 3) = B.9
p : h"_ ) ('149)

The deviations from the relliably determined spectral
¢classes of several clusters were used to determine the welght,
which was found to be close to 0.1.

2. Intermediate band photometry of R. D. MeClure and 3. van den
Bergh, 1968, '

The narrow band measurements of C(U2-U45), corrected for
Interstellar reddening, were found to have a definlte dependence
on spectral classes. The following equation was obtained graphi- /40
cally where C¥(42-45) designates the value corrected for absorption

" 5p = B4.0 C‘(42-45)—15.1 \ (50)

The deviations from the assumed values lead to a weight of 0.5.

3. .Intermedlate band photometry of S. M. Faber, 1973.-

The value (G)O has a clear|dependence on spectral class.
This value was changed somewhat due to the fact that our values
for interstellar reddening did not agree with the values used
by Faber. The following formula was obtained graphically

Sp = 48.86 (G)y — 5.8 | ' (51)

A weight of 1 was determined from the deviations of the calculated
spectra from the assumed spectra. At the end of the book, the
tables of the final values of the unified global chdracteristics
of globular clusters give all of the values of spectral classes -
derived only by means of indirect (photometric) methods - in
parenthe&é3,$although they may sometimes be more accurate than the -
poor direct determinations (see table D).

37



Unfortunately, the integral spectral classes of globular
clusters are closely related to the content of metals and it is
difficult to find methods of separating them reliably. Therefore
in several cases, particularly when there were contradictions in
individual determinations, a mutual correction of réliability was
made using Equatlon (71), on the basis of independent determinations

of [m/H] and the spectral classes.

The final values of the spectral classes are given in
Table D. The' ~ unit of weight corresponds to one tenth of a com-
plete spectral class. However, in contrast to the weights of other
values in the catalog, the weights of the spectral classes are
arbitrary to a certain extent.

5. TRUE COLOR EQUIVALENTS OF GLOBULAR CLUSTERS IN THE U, B, V,
PHOTOMETRIC SYSTEM AND COLOR EXCESS v VA

4s was already noted in the IWtroduction many parts of this
book are closely related to each otherJ when a certain problem 1s.

discussed it is impossible to avoid referring to subseguent sections.

Thus, for example, when deriving the integral stellar magnitudes,
it is necessary to know the values of the color equlvalents.
Studying the numerical relationships between the narrow-band or
intermediate-band photometric measurements and spectral classes,
it 1s necessary to know the color excess, etec.

To a significant extent, this statement pertains to this
portion of the book. It is impossible to speak of true colors
of globular clusters, without knowing the color excesses, [whose |

determination will only Wé made in af subsequent chapfer. |

Globular clusters are very favorable objects for studying
the interstellar absorption of light. They are encountered
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at almost all latitudes, but have a strong concentration toward

the center of our galaxy. Their luminosity] is so great and their
external appearance 13 so characteristic that it is easy to
identify them at large distances from the Sug_rwgﬁehdetermlnatlon of |
such absorbed obJects, as the globular cluster of Terzan,
5=IRC-20385 (4. Terzan, 1968, 1971) makes it possible to establish
the value of the overall and selective absorption of light at
_great distances which would be difficult to reach by means of other
objects of the stellar medium in the optical freguency range.

The relative abundance of globular clusters in the center of our
galaxy is particularly important, since, for example, we still

do HQJ know with rellable accuracy the distance up to the center

of the galaxy. '

Use of the observed values of color equivalents for deter-
mining the color excesses connected with the overall absorption;b&
simple relationships. requires & knowledge of the true (free from
selective absorption) values of these eduivalents. In the present
chapter of the book, a method is described for obtalning the

true values of the color equilvalents (B-V) (U—B)O and (V-I)O

O,
This was done by certain approximations.

The color excesses E (B-V) were determined by different
methods which were not related to the measurements of the color
egquivalents of the clusters themselves. Color excesses were used
which were calculated (according to the law of latitude cosecant)
for globular clusters with galactilc 1at1tudes outside of the
+30°band. The method ofTParon*Sharov (A. S Sparov,.1963) was followed
These metheds could not give prec1se values of the color excesses]

of each cluster, but they were sultable for a general solution

of the problem. w1th a sufflclent number of- clusters Ingsome cases,|

egtimates of the color excesses of stars in the fleld in the
vieinity of individual clusters were used. Finally, the color

excesses were determined by compﬁring different points and the
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sequences of the most reliable diagrams of the color-luminosity|:. -
with diagrams of the clusters in which the color excesses were
very small and Knpwn:__It;i%;§?U¢~tha§%W?;a}wayﬁﬁmustakéaéklj‘
that these determinations have small but unavoldable errors re-

- lated to the axiomatics lying at the basls of the selection and
calibration of absolute values of the points selected and the se-

quences.

As a result of g "first approximation", 38 globular clusters
were selected for which the values of the color excesses were
particularly reliable. The (B-—V)O values, corrected for the color
eéXxXcess, were compared with the spectral classes of clusters, and
preliminary values of E (B-V) were determined and combined with the
previous values obtained by other methods. This was the beginning
of the "second" approximation.

Then the following relatlonships were determined, which

were necessary fer further approximations:

x- EQU-8) y= EQ=D  za EQU-B) |
E (B_V) E(B-V) E(V-1) (52)
For this purpose, all of the 38 globular clusters we
selected were divided into five groups, within which the spectral
classes were quite simllar to each other. TFor each of the five
~groups, equations of the followlng form were solved

(U=B) = a4 b (B~V), (v_n-{c+d(a_V), (U~B) =e+f (VoI)  (53)

The values of X',Y',Z' obtained had random errors due to an
inprecise knowledge of the initlal wvalues of the eguations.
However, the unknown values were related with each other by the
‘precise-Equations (52).  For the fivé average spectral classes
corresﬁoﬂding to the five groups of clusters mentioned above,
the. observed values of X', Y', Z' were made. to correspond to
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Equations (%2) by successive approximations. The values thus
obtained were expressed graphically as a function of the spectral
class of the clusters, and they were used to draw smooth curves.

Then the procedure of making the values of X", ¥", Z" obtained from

the graph colncide with Equations (52) was repeated for the entire * =« -

Interval of observed integral spectra of the clusters. Finally,
the following values of X,Y,Z were obtailned for the entire range of
spectral classes which are characteristic for globular clusters.
These valueg are given in Table 1 and are eXpressed graphically in

Figure 2. 43
T T TABLE 1
‘.2 o -
T« ~ ]
Lo} ) sp X Y z )
s ‘ F1 072 189 0.38
e b : : a0 0.72 1.89 (.38
L Y ] F3 0,72 1.89 0.38 ;
L7} "‘"‘\\\Ngff”” ! F4 0,72 1.89 0.3 |
- 4 . F5 0,73 1.86 0,39 |
r ' 1 B 0.82 1.74 0.47
0Ger - 1 F7 0.87 1,65 0.53
[ Z . F8 0.91 1.62 0.58
o = ] “F9 094 LS9 0,89
© F0 s G0 G5 | el £.98 1,60 0.81
Gl 1.02 1.62 0,63
62 1.06 1.64 0,84
Figure 2. Behavior of the 63 1.10 1.68 0,68
quantities x=@-BI/(BV) , Y=(V-U)/(B~V} . G4 1.14 1.67 0.88
iz =-B¥-l), as ‘a function of the” " G5 1.17 1,68 0.70
spectral type. : | G 1.20 1,69 0.71

Knowing the color excesses E (B-V) and using the values

in Table 1, we may determine the color excesseng(U—Biian‘E(Vfl)\

Kfor_cll;clusters having measurements in the U,B,V,I systems. By cubJ
tracting these excesses from the observed values of (B-V), (U-B),
(V-I)jwe obtain the preliminary true values of (B—V)O, (U—B)O,

(V‘I)O- -
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(u-2)y

TABLE 2

Sp (B-V)o (U-—B)(1 (\f--l)n
F1LO 0830 0,042 0,944
F2.0 0665  ~0.019 0,986
F3.0 0,590  0.004 1028
F40  0.815 0027 1,064
FB.0  0.839 0,060 1,102
F8.0  0.662  0.074 1,138
FT.0 0.685 ©  0.098  1.173
Fd.0 . 0,707 0.122 1,267
. ©OFO.0  0.729 0.148 1,240

L : — S G000 0750 0,070 1271
a6 oy o8 Vo L GLD 0770 0,194 1,301

| . : L.G2.0 07190 0219 1,330

~ Figure 3. Relationship between G3.0 0809 0.244 1,357

G40 0828  0.260  1.384
the true color equ”alems . GE0  0.846 0.294  1.409

(v-B), (Blw and (V-1), CGBO 0883 0420 1433
globular clusters. : ' ]

It 1s apparent that the values of the true color equivalent;
of globular clusters are related with thelr integral spectral
classes. Therefore, équations of the followlng type were solved:

(U=B), = d + e Sp+ £5p2 (54)

{(B-v) =8 4bSp+ cSp?
- ] s 2
(V-1), g+h5p+ P
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where the left sides are known as a result of the calculations
Just described, and the right sides contain values of the spectral
classes (see the preceding section) The new values of the color

with the previcus redetermined values whlch were 1ndependent of_Phgm‘

The true color egquivalents were determined with the improved values,
and again the system of Equations (54) was solved.

As a result of the successive approximations described here,

the following numerical expressions of Equations (54) were used
(B-V) = 0,613 + 0,2875p -~ 0.030 Sp2

0,014 £ 0,038 20,023 (55)
(U-B), = ~0.066 + 0,226 Sp + 0,008 sp?
‘_ 10,025 ¢ 0,071 £0.042 (56) /44
- {V=I)y = 0,802 + 0,431 5p ~ 0,082 Sp? (57)

+0.030 £ 0,083 £ 0,049
Using these equations, we may formulate the direct dependences

between the values (B-Vi =B, (V=I4| | These dependences are given
in Table 2, and are expressed graphically in Figure 3.

™~

Knowing the observed values of the color equivalents of
globular clusters in the U,B,V,I system, as well as the integral
spectral classes, and using the values from Tables 1 and 2 for
each cluster, we may find the color excésses which satisfy in an
optimum way the numerical values of all the quantities used. If
there is no spectral class, we may select its value which satis-
fies 1n an optimum way the observed values of the coclor equivalents.

Recently R. Raeine, 1973;used a simlilar method for the color
equivalents B~V, U-B. This method was criticized by B. V. Kukarkin
and N. N. Kireyev, 1973. We would like to note that the statements
of Raclne regarding the fact that the color equivalents are not
sultable for determining the contents of metals in the atmospheres
of stars and globular clusters is not correct. The blanketing
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effect unavoidably is i1ncluded in the value X in Equation (52).

The values of-@—?%;w-?h/are actually free to a considerable
extent from the blanketing effect both as given by Racine and

by the authors. However, in the observed values of all color
equlvalents, the blanketing effect is fully spparent, and they

are sultable for a reliable determination of the content of metals.
The appropriate formulas are derived in the chapter of this book
devoted to the problem of "Metalllicity" of globular clusters.

A more rigorous solution of the problem of the true color
equivalents of globular clusters requires the concurrent examina-
tion of the influence of both temperature and chemical composition
of the atmosphere upon them. Thils problem dld not lie within the
framework of the present investigation;{howeyer, we hope to study
this problem in the future. The values of the color equlvalents
selected here are sultable for solving many practical problems

related to interstellar absorption, chemical composition, etec.

Color excesses and intergtellar.absorption of light

In the preceding chépters of the book, we have already
repeatedly discussed the color excesses and interstellar absorption
of light in globular clusters. In this short chapter of the book
we shall describe the methods to obtain the excegses of the
color equivalent E (B-V) used in our studies and published in the
appropriate ceclumn of Table D at the end of the boogk.

The main source for the numerical determinations of E(B-V)
was a comparison of the observed values of BQV, U-B, V-1 with the
true values (see the preceding chapter of the book) and the
determination of the optimum value which satisfies all conditions
in the best way. o o
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- A .secondary source was a study of the color-luminosity 46
diagrams and their comparison with the diagrams of the well-
studied clusters 47 Tuc, M3, M92 and others, for which E (B~V) is
small and 1s known. This method, which is wildely used by many
researichers, is very sensitive to the axiomatics lying at the
basis of the selection of points and sequences which are sultable
for this purpose (blue and red end of the band of stars of the
RR Lyrae type, the point of rotation from the branch of the
. gilants to the main sequence, the point of intersection of the
horizontal branch and the branch of the giants, the average value
of (B-V) for stars of the RR Lyrae type, ete.)

The third source was certaln theoretical relationships
which determine the true color equivalent of certaln points.

Finally, the absorption of light was determined for certain
clusters based on the color excesses of surrounding stars, if
their spectra were known in the two-dimensional MK classification.

Just as 1in the case of determining the spectral classes,
it was difficult to make a precise estimate of the average errors
and the welghts of all the values of the color excesses used. The
mean square error was determined from the deviatlons of a given
series of E (B-V) values from the preliminary average values,
and the welght was established. Then the welghted average was
calculated. Repeating this procedure only changed the welght to an
insignificant extent, and in the majority of cases, it was not done.
A unit of weight corresponds to a mean square errvor of ﬁ(ﬁfviiﬂplm
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6. CONTENT OF METALS IN THE ATMOSPHERES OF STARS IN GLOBULAR /47|
CLUSTERS

The problem of studying the chemical composition of the
atmospheres of stars 1n globular clusfers is no less complex
than the problem of determining the true color equivalents and
color excesses. The same criteris must be applied to the composite
total integral spectra of globular - ¢lusters as are applied fo
individual stars, 1.e., they are not corrected. Attempts to deter-
mine the chemical composition based on the spectra of individual
stars were only made for a few globular clusters. However, thils
is not entirely valid,

Achievements 1n the development c¢f a theory for the internal
structure of stars wilth masses less than 1.5 of the solar mass and
calculations of different models nave led to the conclusion that
many characteristics of the color-luminosity - |diagrams are correla-
fed with the content of heavy elements and helium. This provides
qdditional possibilllitles of determining the content of heavy

‘elements.

Electrophotometry in the U,B,V,I system, intermediate-band
and narrow-band photometry also provide specific information.

'_However, 1t must always be remembered that all the methods
mentioned above for determining the chemical composition depend
on many parameters and cannot be‘regarded as unequivocal, objective,

and sufficiently accurate. They all include systematic errors.

In this connection, the decision was made to select a uni-
form scale which is approximately linearly related with the
~ logarithm of the relative {as compared with the Sun) content of
~ metals. All of the available methods for determining the content
* of metals were included, in tThe hope that with a sufficient number
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The systematic errors inherent to them could be regarded as random.

A. J. Deutsch, 1955/was the first to pay serious attention
to the relative paucity of metals in.globular”spa;‘clu§$@g§£}
Later W. W. Morgan, 1959Jnoted that the integral spectra of
globular clusters also had characteristics related to the confent
of meta;qJ The ' studies of T. Kinman, 1959 b,Jand H. Arp, 1959, as
well as several others, were also devoted to these problems.

At the beginning of the 1960's, 1n Moscow an attempt was madejto)
ﬂredugg|all of the accumulated determinations of "metallicity" to
an arbitrary scale which was proportioconal to the logarithm of the
relative content of metals, All of the publlished determlnations
of the content of metals were later reduced to thilis arbitrary
scale. Finally, the work of Rusev and the author, (B]V. Kukarkin,
et al., 1972Xpublished preliminary values of the metallicity
indices (MI). During the numerous reductions of several determina-
tilons of the relative content of metals, our arbitrary scale of
the MI required a new calibration, which was done recently,
(B V. Kukarkin, 1973)J AL

In a subsequent section we shall describe all of the
determlnatlons of the content of|nwtals in globular clustersrwhlch}
we used, or the values guantitatively related with the content
of metals. Methods are described for reduecling the corresponding
logarithm of the content of metals with respect to the Sun to
the value of [m/H] which we used.

The mean square deviation for each series of determinations
was determined by studying the deviations of the reduced values
from the preliminary average values. The welght was determlned
on the basis of these estimates of the mean error. The relative
reliability of the determination was taken into account in each
of the series. The unit of weight corresponds to the mean square
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error +0.10 in [m/H].

1. Classes of W. W. Morgan, 1959.

Morgan divided the entire set of globular clusters which
he examined into eight classes designated by Roman numerals,
30 that I corresponded to the smalliest relatlve content of

metals and VIII- to the largest. .The dependence of [m/H]  /
on the classes of Morgan is tabulated in the following table

I -2,13 I ~1.58 i1 -1,28 v 0.9
v -0.72 VI — 0,20 VIl -{.15 VIIT+ 0,04

The mean square error of determining [m/H] of one cluster
is *0.22.

2. Determination of the relative content of metals based on

the spectra of individual cluster stérs(T. D. Kinman, 1959 b.)

A determination of the content of metals by studying the
spectra of known members of globular clusters would be a direct
method of studying the problem. Unfortunately, a reliable study
of the spectra with great dispersion is still impossible due to
the weakness of even the brightest members of the globular clusters.
ThereforeﬁDeutsch and Kinman were forced to confine thémselves
to a study of spectra with low dispersion. DBased on the proposal
of Deutsch, the measurement results were divided into three
~groups: A, B and C. The first of these groups (A) corresponds to
clusters whose stars have the largest metal content, and the last
~group (C)~— the least metal content. The average values of
[m/H] in our system are given in the following table for each of
these groups, separately from the determinations of Deutsch and
Kinman. A certain difference in the values of [m/H] of both
authors should not be surprising. There were three total clusters
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in all (based on one in each group), so that the selections con-
sisted of different obJects, and, with a small number of clusters
in each group, a random accumulation of systematic deviations is
fully possible due to the significant dispersion in each of the

_groups. / 49
A B c
Deutsch ~1.33 ~1,89 -2,10

Kinman ~0.90 ~1,61 -1.90

The mean square error of measuring [m/H] of one cluster is +0.20.

3. Difference in spectral classes determined from the lines of
hydrogen and iron (W. W. Morgan, 1956; T. D, Kinman, 1959b).

The difference between the determinations of the spectral
class based on the linesg of hydrogen and iron, usually deslignated
by the symbol AS, may also be a measure of metallicity. Each of
the two examined series of observations was compared with the
preliminary values of [m/H] by compiling graphs. They were used
to obtain the values tabulated in the following table:

 AS(Morgan)  ~3 3 6 7 8 9

{ mH] +006 -0.76 ~1,16 ~130 ~1.43 ~2.00
- AS(Kinman) - 0 1 2 3 4 6 7 8- g
- (m/m] ~0,90 101 ~LI2 -123 ~134 -L36 -187 ~178 —2,00

The mean square error of determining [m/H] of one cluster i1s *0.39.

4, ispeﬁfrbéﬁbiohéﬁkic]; values of A, ¢ and ¢ (S. van den Bergh
and G. L. Hagen, 1962),

All of the three values mentioned in the heading are related
with the value [m/H]. The following filve equatlons were obtained
graphically:
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(m/HI= 4,925 — 2.68 | (58}

(/H]= 680 288 0,19
lo/-13.00 395 <01 | (59)
(9A]=276y-2.8¢ <048

;80 G =376 > 0.8 } (60)

The mean square errors of determining [m/H]} of one cluster
brerinja,zﬂdﬁiand £ 0.20,

5. Intermediate band photometry (R. D. McClure and 3. van den
Bergh, 1968)

‘The color equiﬁalentsc*wﬂnkh{and:C?Hisiﬂ” corrected for
interstellar reddening, were found to have the best relationship
with the values of [m/H] out of the color indices of five-color
intermediate band photometry of globular clusters. The follow-
ing four equations‘Wepemohiaine@;graphigal;ygi,;:

m/H] = 8.2 C#(38-41}—B.08, Ce38-dlg0:56 1. (61)
[Im/H] = 5.0 C#(38~41}~8.51, ©#(38-41)> 0.0
Ao /H] =480 CH41-42)-3.87, C#{41-42)g 0.058 }

[m/H =143 C(41-42)~ 181, C#{41-42)> 0.058 (62)

The mean sqguare errors of determining [m/H] of one cluster /50

are :0.22| and %05} , respectively.

6. Narrow band photometry (H. L. Johnson and D. H. McNamara, 1969)

The preliminary values of [m/H] are represented very well
by an equation which includes the values of [mlj and [cq)
corrected for interstellar absorption

[m/H)}= 15.8 [m 1+ 6,8{c,] ~6.3 6
T g Vg ! (3

The mean square error of determining [m/H] of one cluster is %Djmj
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f. Measurements of the spectra based on lines of dlfferent
elements (S. van den Bergh, 1969).

The value of I is closely related to the value of [m/H].
The following table gives the values taken from the graph:

L [o/H] L {m/H] L [m/H] L [m/H]
-] ~2,31 3 -1.42 T 0,77 11 0,14
0 -2.09 4 -1.23 8 -0.,62 12 +0.01
1 -1.87 B ~1.08 9 ~0,48 13 + 0,17
2 —1.64 -8 -0.03 10 -0.30 14 +0,33

The mean square ‘error of determining [m/H] of one cluster isls0.24.

8.  The gquantity A (U-B)(0. J. Eggen, 1972).

During the photometric measurements of stars in several
globular clusters, 0. J. Eggen determined the quantity A (U-B)
related with the values of [m/H] by the following equation
(obtalned graphically)

(/K] = =2.76 8 (U=B) - 0.03 | (64)

The mean square error of determining [m/H] of one cluster is‘#@jiﬂ

9. Ten-color intermediate band photometry (S. M. Faber, 1973).

The values of (Mg), and (38—41)0, corrected for interstellar
absorption, had the most explicit dependence on [m/H] out of alil
the different combinations of measurements by Faber. They are
connected with [m/H] by the following equations (obtained
“graphically) |

- [m/H] = ~16,6 Mg), — 171 (65)
[Tﬂﬂ"' 62(@~4”D~4£9 (66)

The mean square errors of determining [m/H] cluster are ':8.21) ana

i£0.10), respectively.
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10. Determination of the relative content of metals based on /51
wide band photometry of U, B, V, T {this paper).

As was 1llustrated recently ."B. V. Kukarkin, N. N. Kirgyeva,|
1973, regular photometry is suitable for determining the relative
content of metals, in spite of the doubts indicated by R. Racine,
1973. The following equations were obtained based on the values
of the color equivalents (B-V), (U-B) and (V-I) given in this
study (see Table C) and as a result of comparing them with the

preliminary values of [m/H]:

[m/Bl = 0,81 + 5.8 (U~B) = 3.9 (B~V)
3 £ 11 t 1,2 (67)

(m/H] = 0.10 + 4.8 (U=B) —=1.8(V=D)
£ 0.8 0.5 -{ (68)
[m/H] = 0.A3 + 5.3 (U=B) ~ 1.3 (B-I) i (69)

, 0.9 £0.3 -

-

These formulas for calculating Q are given in the work of

B. V. Kukarkin, N. N. Kireyeva, 1974, The mean square errors of
determining [m/H] of one cluster are *t0,27, 0,25| ahaﬂftng;'~-ff“ﬁ@“
‘respectively. .

11. The relationship between the independent determinations of

[m/H] and the spectral classes.

It has been repeatedly noted that the spectral classes of
“globular clusters are connected with the content of metals.

This is of both negative and positive importance. The negative
aspect consists primarily of the faect that in many cases 1t 1s
very difficult to separate the influence of temperature (spectrum)
from the influence of chemical-composition upon different photo-
metric measurements, particularly In the cases of wide band
photometry. The positive aspect consists primarily of the fact
that both of these values are mutually controlled by the other,
and thils fact may be employed. This is particularly important
when there is no, or insufficient, other information.
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- A comparison of the most reliable determinations of [m/H]
wlth the most rellable determinations of the spectral classes
_glves the following equation (spectral class F0.0 is arbitrarily
assumed to be 0.00, and spectral class (0.0 — 1.00):

[m/H] = 2,40 + 1,70 (Sp — F0.0)
£0.07 £-0,09 ‘ (70)
The opposite problem was solved — determining the spectral
class based on the value of [m/H]:
(Sp — F0.0) = 1,44 + 0,59 [m/H]
. £ 0,04 * 0,03 (71)

The mean square errors of determining the corresponding values
of one cluster equal :0.1§ and 009 | However, these estimates
are formal in nature, . i.e., both quantities are related with

~~
T
no

each other statistically. These errors were not used in deter-
mining the weights. The weight was determined arbitrarily, using
the deviations from the average values.

In recent years there have been numerous publications of
studies of the evolution of stars with masses equal to,or less
than, the solar mass at later stages of development, as well as the
linear and nonlinear theory of pulsation,. Let us note, for
example, the studles of Albada, T.3. vani et al., 1973, Christy, R. F.,
1966, Demargue, P. R. et al., 1963, Demargue, P. R., et al., 1972,
Iben, I. Jr., 1971, Iben, I. Jr. et al., 1970, Rood, R. T., 1970,
Rood, R. T., 1973.

Repeated comparisons were made in these studies of the corn-
clusions of the theory wilth the observations, particularly the
characteristics of the Hertzlsprung-Russell] diagrams (they will
be designated by the symbol H-R below, for.purposes of simplicity).
Certain characteristics of these diaphragms connecpedhwith the
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chemical composition were predicted (content of metals, content

of hellum, etc.). Just as 1n the case of spectral and photometric
determinations of the content of metals, all the characteristics
(probably even to a great extent) are related with the axiomatigﬂ
llying at the basis offithe| corresponding theoretical celeulations. |
However, in several cases, the connection between the content of
metals and certain characteristics "predicted" theoretically was
known before thls (for example, the curvature of the branch of the
giants on the H~R diagram, thé population of the blue and red
portion of the horizontal branch, ete.). All of this calls
particular attention to the similar relationships, and attempts are
made to use them for determining the relative content of metals

in the stellar population of the globular cluster.

Formulas or tabular values relating several characteristics
of the H-R diagram and other physical characteristics of stars in
~globular clusters with the chemical composition of their atmospheres

are examined and derived below.

1, 2, 3. Characteristics of the branch of the glants in gicbular

clusters

It was recently found that the value AV, designating the
difference between the stellar magnitudes on thel.horizontal branch
and the same point on the branch of the glants, which corresponds
to the valuefﬁfvhz44?4® , 1s not identicalﬂand is correlated with
the content of metals. The correlation with the content of metals
occurs at the point of intergegtion of the horizontal branch
and the branch of the sub-giants, corrected for the color excesses
E(B<V), designated by the symbol (B- V) 0,g’ Several years ago the
single characteristic S was introduced (F.D.A. Hartwick, 1968),
which represents, 1in the words of Hartwick, the "inclinafion of
the line connecting the polnt of intersection of the horizontal £33
branch with the branch of the sub-giants and the point on the branch
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of the giants;??ﬁ_above the horizontal branch". This is simply
the tangent of the angle between the lines mentioned in the
quotation multiplied by 2.5.. Hartwick stresses that the value of
S does not depend on allowance for the color excess, and therefore
1is to be preferred to the value of AV. However, in principle,
this is not true, i.e., the color excess depends on the color
itself, particularly in the case of large values of (B-V) which
are characteristic for stars on the branch of the glants. 1In
addition, the accuracy of determining 3 decreases greatly wilth an
increase in the curvature of the branch of the giants, i.e., a
small error in determining the point of intersection of the hori-
zontal branch with the branch of the sub-giants has an insignificant
influence in the case of a small inclination, but has a very great
influence in the case of steep inclinations. Nevertheless, we
declded to use the valuewof S}\

There is always a certain arbiftrary element in determining
the values 4v,s|and (B8~V), . In order to reduce this to a '
minimum, Independent determinations of these values were made
twlce over a long period of time. Then all the determinations
from the literature were selected. In addition, certain of these
values were determined independently by my coworkers, N. N. Samus'
and A. V. Mironov. The average of three determinations was
selected. DBelow Table 3 gives the values of all three gquantities
which we used, as well as the magnitude of the stars on the horizon-
tal branch. A subjective estimate of the degree of reliability is
given after each value (the highest is 14).

We then studied the dependence of [m/HJ] on these three
characteristic H-R diagrams (the graphic method was used).

The value of AV 1s related with [m/H] by the following :
equatlions:

m/H] = 3,54 ~ 1LLOG AV,  AV< 232 1
[m/H] 5 } l (72)

Im/H) = 1,89 ~ 1,26 AV, AV 232
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The mean square error of determining [m/H] of one cluster is':0.28,

The dependence of [m/H] on S was formulated graphically
and tabulated in the following table:

s  [m/H) "8 [m/H] . S [m/H] 5 [m/H]
2.6 +0.18 3.4 ~0,99 8.0 —1.68 6.2 ~1,99
2.8 -0.02 4,0 -~1.09 ° 5.2 ~1.87 6.4 ~2.05
F.O ~0,22 42 -1,19 - b.4 -1.74 6.8 -2,11
‘.ﬂ3.2 —‘0141 . 4-4 _1-29 5-6 -1180 8-8 "‘2|18
34 061 46 -1.38 58 -1.87 .0 -2.24
36  ~0.81 48 -1,48 60 183

The mean square error of determining [m/H] of one cluster 13?0354

The dependence of [m/H] onﬁ(ﬁ-an\may be represented by two
equations (obtained graphically):

(m/i1) = 6,75 (B=V),, = 65T, (B=V), ,3 0.T4 :
(/1] = 2,70 (BeV)gy = 88T, (B=V)g < 0.74 (73)

The mean square error of determining [m/H] of one cluster isﬁ;ﬁ@?J

i, Population of the horizontal branch of the‘umértgﬁprungk

Russigll diagram

It has already become apparent th&t the horizontal branch

of the H-R diagram in different globular clusters is not the same.

About 15 years ago (1959) in Moscow, a classification of globular
clusters was proposed based on the form of the horizental branch.
A relationship was found between the form of the horizontal
pranch and the content of metals. A continuous scale of numbers
characterizing the population of the horizontal branch was _
developed. A. V. Mironov (1972} 1973), and A. M. Eigenson,g1973,
published several investlgatlions devoted to the problem of the
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population of the horizontal branch.

In 1972, independently of the authors, a similar classifi-
cation was proposed by R. J. Dickens, 1972,who divided the entire
set of globular clusters into seven classes,

The scale developed in Moscow represents a contlnuous
series of numbers from zero to one. The number 0 corresponds to
the absolute absence -of stars in the red portion of the horizontal
branch and the greatest density of stars close to the blue end of
the branch. The complete absence of the horizontal branch was
used as unity. It 1s apparent that, among the observed diversity
of globular clusters, there 1s not one corresponding to the

maximum values of our scale.

Estimates of the population of the horizontal branches of
~globular clusters are very subjective, even when attempts are made
to calculate the stars and estimate their density in the (B-V)
intervals. This is due to the fact that it i1s difficult to
develop unified principles for determining the red boundary of

the horizontal branch and to precisely establish whether stars
belong to this branch. Different diagrams were formulated based
on observations of differing accuracy and, in spite of the fact
that they cannot be used for precise meagsurements, they are fully
satisfactory for inprecise measurements.

In order to decrease the influence of the subjective factor
to a certain extent, estimates "of the 1ndex of relative population"
K of the horizontal branches.were carrled out several times over
long time periods. The classes bf Dickens and the values of
B/(B+R) Qf Mironov were reduced to our K scale. Finally, the é_g
values pfoposed for K are given in Table 4. An estimate of the
rellability, given in a six-scale systemﬂislgiven along with K:

the most relilable estimates are given a weight of 6, and the least
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- reliable estimates are given a welght of 1, while those in doubt

are given a weight of 1/2.

: Cluster
S il
288
362
1261
1851
2208
2308
1201
4147
4372
4833
5024

e

K

0.81
0.02
0.89
0.36
0.1
0.47
0.87
0.48
0.25
0.22
0.07
0.14

e N N i S R ]
b

Cluster
5053
5139
5272
5468
5897
3904
6121
6171
5205
6218
6254
6341

TABLE 4
K Cluster
“0.13 2 6352
.13 § 6366
.46 6 6382
0,16 4 6397
0.1} 6 6402
032 6 6622
0.43 § 8641
0.70 6 8563
0.06 § 637
- 0,09 § 6668
0.12 6
0.10 6

K

0.78
0.82
0,49
0.14
0.18
0,78
0,13
0.86
0,80
0.11

T OF wd o L3 O o e O O

Cluster -

6712

723

8752
6779
6838
6924
6981
7008
7078
7088
7009

7402

0,13

K
0.60
0.64
0,10
ti1
0.77
0.33
0.42
0,60
0,22
0.12

(= B = I A - R - LI W e . e Y

0.18

A comparison of the values of [m/H] with our K values led

to the following reduced quantities obtalned graphically:

i K
0.00
0,05
.00
| 015
| 0.20

tm /1]

1,81
- 179

~1.78
-7
“"1165

K

0.25
0.30
0.35
0.40
0.46

[m/m]

-1.60
-1,54

~1,48

~1.41

-1.33

[m/H]
~1.24
-1.14
~-1.02
~0.89

{m/H]
~{.73
—9-54
~0,31

© ~0.05

P
‘The mean square error of determining [m/H] of one cluster is “:0.26, ]

5. Transition perilods of stars of the RR Lyrae type

In the development of a theory of the pulsations of variable

stars, using a specific axiomatic procedure, Christy determined

the relationship between the transition period (between oscilla-

tions in the main tone and in the first overtone) Ptr, and

the luminosity of stars of the Lyrae type (R. F. Christy,
1966). This conclusion was repeatedly subjected to eriti-

cism, since the luminosity of stars of théfﬁRéLyrae]E&ﬁé]
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(as well as other pulsating stars) depends not only on the

factors taken into account by Christy (Albada, T. S. van, et al.,
1973; Rood, R. T., 1973}. We distrusted the conclusions of

Christy to a certain extent. However, a random comparison cof the
value of the transition period Ptr with our metallicity indices
ﬁﬂgl(Kukarkin, B. V., Russev, R. M., 1972) unexpectedly led to

a close interrelationship Bgtween them. As 1s known, the
metalliecity indices are derived by methods whiceh are not in any /57
way related with the theory of pulsations, and the fact that a
relationship was found is strong proof of the fact:;that the

formula of. Christy has statistlcal meaning in every case, although
in individual cases it may lead to luminosity values which

deviate from the true values. We used the values of the transition

periods P, after reviewing all of the observations of stars of thel

o €
ERR Lyrae type 1n globular clusters. Only those clusters were

selected in which the number of stars of the RR Lyrae type equaled]
or exceeded . ten. To a certaln extent, this protected us from
a random seiection. To determine Ptr’ the Christy formula was
used: _

o bR e (i
Not one but two stars were selected to determine the limiting
values of the smallest periods of stars of the RRab type and
the largest periods of the RRc stars. This also decreased the
influence of random selection to a certain extent., Table 5 gives
the values which we usedfor the logarithms of the transition
periodsPtr for different globular clusters. We have not intro-
duced The reliabillty signs, although it is apparent that the
probabllity of great accuracy ofla transition pericod on the basis
of selecting from 200 stars exceeds. the probability of the same
accuracy on the basis of selecting 10’stars. In addition to this,
after the value of log Ptr’ Table 5 gives the number of stars ofﬁﬁiﬂ
ﬁ?ﬁTLyrae type. The values of the periods were usually selected
from the Sawyer catalog (H. B. Sawyer-Hogg, 1973), but always were
checked in the original sources and were changed in certaln cases.
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TABLE 5

Cluster g Ptr n  Cluster lgPtr n Cluster lgPtr n

ig901 —0.315 82 5004 . -0.337 90 g4c2 0,016 34
4147 0,207 16 6121 —0.360 40 . 6636  —0.228 17
. 4500 —0.267 37 6171 . -0,362 21 5713 0,311 31

' 5024 0,275 36- 6229 -0.327 15 6723 0,370 27
- 5083 —0.231 10 . 6266  -0.352 74 %M 03400 00

''5130 -0.253 125 ¢ 6333  —0,203 1p B9RD - 0333 7
5272 —0.331 178 /6341  —0.242 12 7006 —0.293: 38

K -0, o) 6362 -0,014 14 (7078 0,250 63
"séﬁg 1280 20_» ;. '7089  -0.305 17

A comparison of the values of [m/H] with the lg Ptr values
from Table 5 resulted in the following formula:

[m/H] = =3,71

-7 lg Ptr
i0.3€]i

.52
1,00 (75)

The mean square error of determining [m/H] of one cluster

is ¥0.20./

The welghted mean values were calculated on the basls of /58
all the methods described above for determining the content of
metals [m/H]. They are given in Table D at the end of the book.
Just as 1n other cases, the unit of weight corresponds to the

mean square error +0.10 in [m/H].

™~
\JT
(Nw]

7. DIAMETERS OF GLOBULAR CLUSTERS

Three-dimensional structure of globular clusters

_The first 1nitial information about globular clusters
included the assumption of the relative uniformity of their
structure: circular form, central symmetry. However; a more
careful study of the structure of globular clusters showed that

it is complex and not so uniform.
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Figure_l. Weak dependence between "concentration classes" of -
Shapley-Sawyer and the characteristic of the real concentration
of stars in the "C" clusters according to King.

Forty years ago H. Shapley, et al., 1927, made the first
attempt to classify globular clusters based on the degree of
concentration of stars in the clusters. It is true that it was
later found that thelr classification is more correctly related
to luminosity (mass) of the clusters and only 1n a certain sense
with the real concentration (see, for example, B. V. Kukarkin, 1971).
Thils was confirmed tfto a certain extent in a comparison of the
concentration classes of Shapley-Sawyer with a more objective
determination of the "C" concentration (I.R. King, 1974). As may
be seen in Figure 4, there is oniy a weak correlation between both

gquantities.

We shall not discuss earlier studles devoted to the
 development of humericall methods of determining the three-

dimensional density of stars in the clusters. /60
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A, G. Mowbray, 1946, made an important, :thorough, but)
almost careless study of globular clusters. He introduced a
clear distinction between the nucleus and the overall body of
globular clusters. DMowbray may now be considered as one of the
most important researchers based on his careful processing and
uniformity of the material used. The correlation of his concen-
tration classes with the "C" values of King is much more clearly
apparent than with the classes of Shapley-Sawyer.

The studiles of P. N. Kholopov, 1949, 1952, 1953, 1957, 1965,
1968a, 1968b, are very important for understanding the structure
of globular clusters. These studles definitely showed that lthe ]
@glustensjf represent complex, stratified structures in which a
central nucleus, the main body, and an intermediate zone and
corona may be clearly distinguished. Unfortunately, only a few
clusters were subjected to a careful analysis, and it is diffi-
cult to use these rigorous studles to calibrate the mass measure-—
ments of structural characteristics of globular clusters.,

Beginning in 1961, King and his co§wérkers~pubii5hed}
several studles devoted to the theory of the structure of
~globular star clusters and performed photometric measurements
and calculations (I. R. King, 1961; 1962; 1966a; 1966b;
I.R. King, et al., 1968; I. R. King, 1974). The important concept
of the limiting cluster radius was introduced, i.e., the radius
beyond whose limits any star cluster will no longer be a member.
Different authors have published recently many studies devoted to
the dynamic development of clusters in the gravitational field
of the galaxy. We would like to recall only one of them (Ostricer,
. J. P., et al., 1972).

- In writing this book and the catalog of global characteris-

tics, we did not study the problem of the fine structural
characteristics of globular clusters. In the first place,
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P. N, Kholopov had already performed several studies in this

in the 54 globular clusters. At the beginning of 1974, King
kindly put at my disposal the preliminary results obtalned
directly from the computer. However, the book was almost ready,

'regardl Secondly, I. R. King analyzed the stars mentioned above

and we could only use a very limited volume of this material.

Apparent diameters (radii) of globular clusters

Among the global characteristics of globular clusters, the
diameters are one of the most difficult quantitles to determine.
This is due to the complexity of the cluster structure, and the
difficulty of making a simple determination of both the radius

of the nucleus and the limiting radius.

If we do not consider incidental studies which make an
attempt to measure the diameters of globular clusters, the flrst
systematic studies performed in more or less unlform systems
undoubtedly belong to H. Shapley. They were completed in three
studies encompassing almost all of the globular clusters known
at that time (H. Shapley, et al., 1927b; H. Shapley, 1930;

H. Shapley, et al., 1935). The first two used the method of
visual determination of the diameter baged on three series of
points from the Harvard-Observatory. The third study is based
on measurements of the plate background by means of a micro-
photometer (the diameter was assumed to be the region 1n which
the surface density of the cluster star equaled the background).

In 1941 P. Parenago, B. Kukarin and N. Florya analyzed all
of the data published up to that time on the apparent magnitudes,
color equivalents, and diameters of globular clusters.lﬁﬂ clearly
expressed dependence @£§?%duhd_;for 21l of the measured apparent
diameters of globular clusters on the magnltude of interstellar
1ight absorptlion. The war stopped the publication of this work,
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and 1t came to light only 8 years later (P. Parenago, et al., 1949).
Four years later W. Lohmann, using the ideas in our study and
adding new data appearing after 1941, completely confirmed our
conclusions (W. Lohmann, 1953). It is interesting that neither the
- review of H. Sawyer Hogg, 1959 or that of H. Arp, 1965,mentioned
our study, but the problem was discussed in the study of Lohmann,
Land_hqlclearlyigéﬁerred in detaill tolthe primary source.

The very interesting study of H. Wilkens, 1960H1nvestigated
the influence of interstellar absorption of light upon the _
measurement of apparent dlameters of globular clusters. Later
Wilkens studied the problem of globular cluster diameters. His
study 1s a separate publication, given as an appendix to the
collection "Variable Stars™.

At the very beginning of the study, the questlion arose of
selecting the system in the problem of the diameters of globular
star clusters. Since it was difficult to walt for the end of
King's study (all the remaining sections of the investilgation
were primarily concluded), it was necessary to use some kind of
solution, in order not to delay the publication e¢f this book.
As a result, a compromlse solution was used, based on the numerous
previous attempts to develop a uniform and valid system of
diameters. We shall now describe this system. /62

After the work of G. E. Kron and N. U. Mayall, 1960ﬂcame
to light, all of the determinations published at that time of the
diameters of globular cliisters were reduced to thelr system. 1In
actuality, electrophotometric measurements rellably record the
increased emission of cluster stars with respect to the emission
of the stellar background. In prineiple, this makes it possible
to estimate the extent of the cluster. However, since equalify
with the background (by definition, this 1s the asymptote) is
established in a very unreliable way, Kron and Mayall decided to
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Use the value at which 0.9 of the entire light flux of the cluster
in the V system 1s recorded as the cluster diameter. When the
diameters of globular star clusters, which had been published up

to that time, were reduced, thelr extreme sensitivity to the
absorption of light in interstellar space was reliably confirmed.
However, it must not be forgotten that the system of diameters

of Kron and Mayall is not free of the influence of light absorption
in Interstellar space. In actuality, the distanceup.to the
~globular clusters usually greatly excee@ﬂthe distance to the stellar
background, and interstellar absorptioﬁ — particularly in

clusters close to the galactic equator — may greatly exceed

that for the background of the stars. 1In electrophotometric
measurements in the region of noise in globular clusters, a much
larger portion of the stars will "depart' than from the background
lstars. Thus, it is necessary to find methods for taking | -

into account the influence of ‘the interstellar absorption of light
in the preliminary system of apparent diameters of globular

clusters.

At the present time a system of dlameters measured with stars
of the Lyrae type, which clearly belonged to the cluster, is the
only system of globular cluster diameters in which the interstellar
absorption of light has no influence. The dlameters of globular clus-|
[fers using stars of the RR Lyrae type have already been dggérminédk -
(see 8. Bergh, van den, 1956; H. Wilkens, 1960).

It" 1s necessary to select a method of determining the
diameters of globular clusters based on stars of the RR Lyrae type.
It 1s apparent that it is impossible to estimate the diameter -
based on one very far-removed star of thils type, due to the
possible random nature and unreliability of this selection. It
~is possible to take the average distance of all stafs of the RR|
Lyrae type from the center of a given cluster. However, there are
clusters which are so dense In their central sections that
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variable stars either cannot be detected there at all, or are only
partially detected. Along with this, there are clusters which are
completely resolved and studied (for example, NGC 5053, 5466,
6121, 6161).

The average distance from the cluster center up to the
farthest third of the total number of stars of the RR Lyrae type
In well resolved and studied clusters 1s used as the radius of
the cluster. For less resolved and studied clusters, this
fraction is increased somewhat, depending upon the extent to which
1t has been investigated. There is a certain arbitrary /6

element here, but it. can.be reduced after some practicel 1 -

The clusters in which the number of stars of the RR Lyrae
type exceeded nine were selected. Not only stars whose perlods were
determined, but also all of the non-studied stars whose amplitudes
and median apparent magnitudes corresponded to stars of the
RR Lyrae type of a given cluster were employed.

413" the diameters and radii of globular clusters in this

book are given in logarithms of minutes of arc (l£d)] .

The following Table 6 gives the logarithms which we deter-
mined for the globular cluster diameters based on variable stars
of the RR Lyrae type.

TABLE 6 ‘
PONGC  lgdg, NGC  lgdp,  NGC  lgdp,  NGC  lgdg,
2419 0.72 5272 1,12 62686 1,17 6715 1.13
3201 1.48 5466 1.02 6333 0.97 8723 0.85
L4 0.57 1C4499 0.93 6341 0.85 6334 0.75
! 4690 1.04 5824  0.99 6362 LOB 6331 0,70
;4833 1.04 5904 115 68402 0.9 1008 0,64
- 5024 L1 6121 1.32 ‘6426 0.71 7078 1.03
5063 L1 617}  0.97 6656 1,29 7089 L5
5139 1.57 8229  0.62 6712 0.82
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‘With respect to the;qgggqtqgggfgggnagterﬁstics gfj

globular clusters, the diameters derived on the basis of stars
of the RR Lyrae type do not pertaln to any specific section
(nucleus,/intermediate layer,jcorona). These values of the
diameters were used only %o take into account the influence of
interstellar light absorption upon the cluster diameters
measured by different methods. The weighted mean values (the

- welght was approximately determined from the devlations from
the simple mean‘value) were obtained from all the diameter
meagurements thus corrected.

It was found durlng the reduction that the cluster diameters.
measured on the basls of star calculations, visual estimates,
and photometric measurements are sensitive not only to inter-
stellar absorption but also to atmospheric extinction. It was
also found that the cluster dlameters depend on the content of
metals 1in the atmospheres of stars in these clusters., This
dependence was less| clearly expressed than the previous ones,
but 1t was neverthéless real. It may be explained by the difference
in the masses of blue stars on the horizontal branch and stars
on the branch of the glants. Therefore, the diameters of clusters
with a hilghly developed blue section on the horizontal branch may
be much greater in the blue lines than 1n the red lines, and
the diameters of clusters without a blue sectlicn on the horizontal
branch may differ systematically, (B. V. Kukarkin, 1970). Terms égﬂ
proportional to the atmospheric thickness and the metallicity
index MI| were included in the reduction formulas (see B. V. Kukarkin
and R. M. Russev, 1972). A system based on the calculations of
stars in 54 globular clusters was used as the system of diameters
in this book (I. R. King, et al., 1968). The diameter corresponding
to the intersection of the density logarithm function with the
density of the background stars was used as the measured dilameter
of the cluster. To refine thils quantity, the intersections were
determined not only with the density logarithms of 0.0, but zalso
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0.1 and 0.2 with respect to the background. The difference was
found between these values and the value obtained for the equality
with the background, after which the average of three determinations
was taken and was used as the cluster radius. It was found that

the radiil obtalned from the calculations of the stars were

extremely sensitive both to interstellar and atmospheric absorption.

A comparison of the diameter system based on stellar calcu-
lations and designated by lg r (XKHHW), with our preliminary
system, which was previously described, led to the eguation:

lgd =n£4+1m5¢g(KHHW)+n&?a(s_V)+nj4z~adgxm4

£0,112 0,07 . i0,04 0,15 £0.24 (76)

where z— is the logarithm of the atmospheric thickness andiwlk-
metallieity index. There 1s a clear dependence on light absorption
in the interstellar medium| and the atmosphere. The dependence on
the metallicity index is poorly expressed for the simple reason
that in the calculations of the stars the most informative

material was used, but it was not uniform (photographs with
different large instruments at different emulsions, with differing

exposures, etec.).

As may be seen, it was found that the preliminary system
was not too poor. Taking thé fact into account that the proportion-
ality coefficient between the systems (1.05) differs from unity
within the limits of the mean sguare error, we did not correct
our system.

All of the measurements were again reduced to this preliminary
system, but with allowance for the terms =z andiMI¥

It was found,lduring the first steps to formulate a uniform
system of diametersﬂthat the visual measurements of the diameters
(for example, the first diameter system of Shapley-Sawyer) were not
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too poor, and, in terms of similarity with other determinations,

sometimes even exceeded:them iIn terms of accuracy. In this

connection, and also due to the small amount of material for

measuring diameters, and the absence of measurements for many

. globular clusters, particularly those discovered recently, the

decision was made to make visual measurements in all the photo-

 graphs and atlases avallable in the USSR,

KFA

KpPA

KPAE
KPAD
KLA

KVazZ

KA”
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The following sources were used:

s
(=)
\J1

Franklin-Adams Charts, London; 1914-1935,

The diameters were determined only on maps of the
first two volumes of the atlas (from the southern pole
to +15° of the cluster). |

National Geographical Society and Palomar Observatory
Sky Survey, 1954 - 1966.

The determinations were only made in order to select
a method for obtaining only the mean value of
measurements on maps obtained with the 0 and E
emulsions. It was feund that these measurements were
comparable with other series 1n terms of accuracy.

In the same atlas, the diameters were measured
separately on maps obtained from photographs with the

E emulsion.

In the same atlas the diameters were measured separately
on maps obtained from photographs with the 0 emulsion.

Lick Observatory Sky Atlas, 1967.

Vehrenberg, H., Atlas Stellarum, Dilsseldorf, 1968-1970.

In this atlas the measurements were only performed

for reproduced plates obtalned in the southern hemisphere.

Measurements were made on numerous plates in the blue
lineé-obtained between 1959 and 1973 at the southern sta-
tion of the State Astronomical Institute in the Crimea

by means of the Zeiss:astrograph (400/1600 mm).



£11 of these measurements were reduced to the system which
we selected. To save space, the reduction formulas were not
glven. Table 7 gives all of the measurements performed by means
of the reduction formulas of the (76} type to our system. The
correspondling columns at the end of the table give the mean

sdquare errors of measuring the diameter of one cluater.

All of the measurements of globular cluster dilameters, which
had already been published or were kindly glven to me, were also
reduced to our system. Brief information is alsoc given on each
of the measurement series and the reduction formulas are presented.

1. First measurements of H. Shapley and H. B. Sawyer, 1927b;
H. Shapley, 1930 (S31)

The visual measurements of globular cluster diameters in
three different series of Harvard .phetographs of the sky as a
whole form a rather uniform system. Thils is related with our
system by the following formula:

lgd=10,5

9
; + 0,04

551y + 0,56 E (BoV) — 0,14 IM

86
0.03 +0.06 - -, *0,08

The mean square error of measuring one cluster isf:o&ﬁ\

2. Microphotometric measurements of Shapley and Sayer:
- (H. Shapley and A. R. Sayer, 1935). (S52).

It is probsable that the microphotometric measurements of
the transverse sections of several globular clusters on different
photographs of the Harvard collection were the first attempts at
an instrument determination of the dlameters. However, this £§§

‘attempt at accuracy was not successful. The diameter system
of Shapley-Sawyer was related with our system by the followlng
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TABLE 7.
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TABLE 7 (CONTINUED): DIAMETER MEASUREMENTS

NGC KFA KPA
8355 0.51 0.92
6356 0.90 .82

Trr 2 - -
6362 1. 10 -
6356 0.85 1.06

Trzx 4 - -

HP  f - -
610 - -
6328 1.06 -

Trz 1 - -

Ton 2 - -
6397 f.51 -
6401 0.04 0.38
6402 1,18 1.14

Pal 6 - 1.28
6426  0.53 0.47

Tez 3 - -
6440 0.91 0.56
6441 .98 -

Tea & - -

6453 0.70 -
6495 0.84 -
&517 .79 .80
6522 0.92 0.78
6528 . 0.67
6335 0. 66 0.51
6529 1,04 1.04
6541 1.18 -
G544 1. 16 1.05
6553 0.82 1.09
6558 0.65 080

1C 1278 - .97

£563 0.83 .81
G504 .88 -
6524 0.86 .79 .
6628 1.13 1s13
6537 .98 0.94
6628 0.83 0.77
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6652 0.85 -
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6779 - 082
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6934 0.88 0.74
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relationship:
1gD = 0,09 + 0,84 (552) + 0,27 E (B~ V)—DGGIM (78)
$0.07 £ 0.04 £ 0.09 t (.11

The mean square error of measuring one cluster is ;0@9ﬂ

As/may be seen from the coefficients in Formula (78), the
microphotometric method of measuring diameters 1is less sensitive
to the abscrption of light than visual measurements, particularly

less sensitive than calculations of satars.

3. Photometric measurements of diameters by Mowbray in the
blue and red lines (A. G. Mowbray, 1946) (MB,MR).

Oout of all the globular cluster diameter measurements which
we yséqg the measurements of Mowbray are the most accurate. This
may probably be explained by the rigorous selectlon of uniform
observational material. The dlameters of Mowbray are related
with our system by the following equations:

Jgd = 0,1

5+ 0,03 (MBE) + 0.87E (B-V)+ 0,37z~ 0,14 1M
£0.04 0,03  +0.04 £0,04 £ 006 (79)
: Iad = (.41+ 0,73 (MR)+ 0.45 E (B~V)+ 0,232 ~ 0,20 IM _
£0.04% 0.02 = 0.08 +0.05 £ 0,09 (80)

The mean square errors of measuring one cluster are 0,05/ and #0035}/

respectively.

A& study of the coefficients 1s very instructive in the case
of the sequential terms of Equations (79) and (80). First of all,
it is apparent that the .'red" diameters are longer than the
"hlue" diameters (ratio of the coefficients 1.1). This may
probably be explained by the fact that in the red photographs
the- integral effect of the weak red dwarfs of the maln .sequence,
whose maSses are small and whose subesyétemiiSwmore extended,
becomes apparent. It is natural that fhéiinterstellar absorption
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of 1light has much greater influence upon the "blue' diameters
than upon the "red'" diameters (ratio of the coefficients is 1.5).
Naturally, atmospheric extinction has a greater influence upon
the "blue" diameters than upon the "red" diameters (ratio of the
coefficients is 1.6). In the case of the metallicity index, the
coefficient: for the "blue" diameters is less than for the "red"
diameters. This alsoc has a natural explanation, if it 1s assumed
that the masses of the blue stars of the horizontal branch are
less than the masses of the red stars on the branch of the sub-
~giants wilth luminosities which are most effective in this range

of absolute atellar magnitudes.

Y, vVisual measurements of new globular clusters of G. U. Abell,
1955 (Pal)

4

N It was at flrst difficult to obtain a reduction formula for
the Abell measurements, since it is impossible to compare his
measurements with others. However, after the reduction of our /6

measurements (see Table 7) thls was done:

lg d = 0,07+ 0.71(Pal) + 0,46 E (BV) + 0,52z (81)
10,05 0,08 + 0.04 . £ 0.23

The mean square error of measuring the diameter of one cluster
is 20.06.|

E,. Photometric measurenents of the diameters of Kron and Mayall
(G. E. Kron and N. U. Mayall; 1960) (KM) '

The cluster diameter for which the luminosity was 0.9 of the
entire flux in the V photometrie system was used as the diameter
of Kron and Mayall. The Kron and Mayall system of diameters
was related with our system by the following equation:

“1gd = 0,32 + 0,84.(KM) ~ 0,0BE (BV) + 0,192 - 0,28 I . 8
£0.09 £0.07  £0.08 £0.10 +0.14 - (82)




The mean sguare error of measuring the diameter of one cluster
is 3011y

As -may be seen‘from the coefficients, the Kron-Mayall
system of diameters was less sensitlve both to interstellar and
atmospheric absorption, but 1t was very sensltive to the
metallicity of the clusters. This may probably be explained by
the fact that the equipment used was more sensitive to the blue
region of the spectrum and the diameters of the clusters with
heavily populated blue ends of the horizontal branches were
systematically larger due to thé relatively small masses of the
stars.

6. Diameters based on the determinations of Kinman and Rosino
(T, D. Kinman and L, Rosin03‘1962)”(KR).

Kinman and Rosino calculated the stars 1in geven poorly
studied globulaf clusters and publishéd the corresponding tables.
The welghted average for the densities of 0.2 and 0.1 (weights
of 2 and 1, respectively) was used as the diameter. The small
number of clusters measured made the reduction formula very
unreliable, which is confirmed by the great errors of the

coefficients:

(KR) + 0,25 E (B=V) + 0,53z

lgd = 0,18 + 0,68
1%0,12 1 0,23 + 0,64 (83)

t0.1

0.6
0.1

The mean square error of measuring the diameter of one cluster
is 20,10,

7. Determination of the diameters based on the calculations of
stars (I. R. King, E. Hedemann, S. M. Hodge, R. F. White,
1968) (KHHW).

The system of the aufthors enumerated in the heading was used

for formulating our system. Nevertheless, after calculating /70
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the weighted averages of all the determinations, we obtained a|
reduction formula which was very simllar to Formula (76). Theﬁ
mean square error of determining the diameter-of one cluster
was‘ipJ}J“ Thus, the diameters determined from the calculations

of the stars were found to be least accurate. The reascn for this
can apparently be found in the very great sensitivity of these
determinations to interstellar and atmospheric absorption. It is
also very probable that the estimate of the dlameter depends on the
richness of the stellar background. Allowance for this effect
requires the development of a speclal method, and we simply did not
have the time to solve this problem.

6. Dlameters based on stars of the RR Lyrae type.

Just. as in the preceding case, the diameters for stars of
the RR Lyrae type were used to formulate our gystem of globular
cluster diameters. Nevertheless, 1t is interesting to compare
the diamefer system with the welghted average values obtained
from all the determinations. In actuality, as a result of reduc-
ing and averaging individual determinations@havingﬂraﬁdom“]h“
and systematic errors which were not taken into account, it was
possible to accumulate deviations acting in one direction.
Therefore, the values on Table 6 were again compared with the
weilghted average values of the diameters obtailned from all the
determinaticns described above. It was found that the effect of
interstellar reddening did not equal zero, which may probably be
explained by a certain overestimation of this factor in the
reduction formulas. All of the épparent dlameters were reduced
according éo the formula

lgd, =lg d. - 0,18E (B-V)
? £000 (84)
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9. Diameters based on electronographic observations of G. E. Kron,
1973 (Kr})

Kron kindly put at our disposal his electronographlic measure-
ments of dlameters and integral stellar magnitudes of 14 globular
star clusters. He measured.diameters corresponding to 0.1,'0.5‘
and 0.9 of the entire flux of the cluster emission. ..We..compared
the dlameters corresponding to 0.9 with the diametérs in'dﬁfirrr
saystem. They are related by the formula (obtained graphically):

lg d =0,02+1,365 1g d (Kr 0,9) |

The mean square error of measuring the diameter of one cluster
is =0.22,

10. . Diameters of H. Wilkens, 1970.

Since the diameter system of Wilkens 1s based on the micro-
photometric measurements of Shapiey and Sawyer (H. Shapley, et al.,
1935) and on the diameters for stars of the RR Lyrae type, we
cannot assume that his system is independent of ours. Both of
these series of measurements were used in our system. Therefore,
the dlameters of Wilkens were not used. /71

As was noted previously, the very valuable studies of .
T. R. King, 1974, were obtalned so late that they could make no
substantial contribution to the developmentjof our system of
"globular cluster diameters. We believe that our system must be
similar (or proportional) to the system of limlting radii of
King. To verify this, we graphically compared our final diameters
with the logarithms of the limiting radii of King. As may be
seen (see Figure 5} both systems have a linear Inter-relationship.
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The following equation was obtalned graphically:

lg RT) = 0.28+:0,04 1g &y, | (86)

Thus, the rich material from our determinations of globular
cluster diameters can be used in the King system of limiting

radii. :
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Figure 5. Dependence between the logarithms of apparent diameters

qurglqbular clusters 1in our system and the 1limiting radii of King
| 1g(RD) | ' x
Certain formulas for reducing diameters to a uniform system 'gzg
include the wvalue of.Mﬁ, This may be explained by thé fact that
the formulas were calculated before the new calibration of the metal
content, which was performed comparatively recently. The follow-
ing relationship holds between the values [m/H] and%MI&(B. V.

Kukarkin, 1973).

[m/H] = 4.4 1M - 2,88
[m/H]= B.4TM ~ 3,77 .

M> 0,45 )
< 045

(86a)
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The wvalues which we derived for the dlameters of globular
clusters are given in Table E. They are expressed in logarithms
of minute of are. Just as in the preceding cases, a unit of

~
)

welight corresponds to the mean square error of *0,10.

8. MODULI OF GLOBULAR CLUSTER DfSTANCES

|
The determination of the moduli of globular cluster distancesl,

Just like the measurement of their diameters,jwere placed..on.the.
soclid ground of facts after the c¢lassical work of H. Sﬁapleﬁ. .
We shall not discuss the history of this problem, since it is
very well covered in the monograph of Shapley ~himself (H. Shapley,
1930), and several other studies. "

For the almost 30 years sinc¢e Shapley, the basic method of
determining the apparent moduli of globular cluster distances
has been the variable stars of the RR Lyrae type. This was
particularly convenient, slnce Shapley had given them an absolute
median magnitude of 0.00. Thus, 1t was sufficlent to determine
the apparent magnitude of stars of the RR Lyrae type in a given
~globular cluster. Their apparent magnitude corresponded to the
apparent modulus of the dilistance.

However, after the "catastrophe" with the zero-point of the
"period-luminosity" dependence of the classical cephelds, which
was fellowed in 1952 in connection with the significant studies
of W. Baade, 1954, there was a more careful study of the problem
of the absolute magnhltudes of stars of the RR Lyrae type.

E. D. Pavlovskaya filrst showed that these stars are weaker
than was assumed. In addition, he was the first to point to
significant dispersion of the absolute maghitudes of stars of
the RR Lyrae type (E. D. Pavlovskaya, 1953). From that time on,
. the problem of the absolute maghitudes of stars of the RR Lyrae type
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- became the subject of numerous studies, devoted to determlnations

of the eigen movements and radial velocities, as well as toc pure
theoretical determinations. Our problem will not include them.
We would only like to note that there is no doubt that the
absolute magnitude of stars of the RR Lyrae type in globular
clusters is between +005 to +172 and that the dispersion of the
absolute magnitudes of even a given cluster is real, without
even considering the disperslon during the transition from one
cluster to another (we are not referring to the problem of the
dwarf cepheids and other pulsating stars which have still not
been discovered 1ln the globular clusters).

A quarter of a century ago, S. A. Zhevakin began studies
which placed solid ground under the theory of stellar pulsation
and gave an impetus to modeling of pulsating stars (8. A. Zhevakin,

1947, 1952, 1963, 1970).

Later Christy developed the 1deas of Zhevakin, constructed
a model and developed certain theoretical premises (R. F. Christy,
1962; 1964; 1966; 1970). Other important studles were published
on the pulsation theory, but our problem will not include their
analysis.

One of the promising relaticnships following from the studiles
of Christy was the dependence between the luminosity of stars of
the RR Lyrae type and the so-called transition period P (see
page 5@?. We assume thils dependence has the following formula.

].“5“;:0.58‘"— 446 g Pt (87) . /74

Only after many hesitations andwpeefﬁndid we use the absolute
magnltudes ‘calculated according to thlS formula as the ba81s foﬂ
calibrating a system of absolute magnitudes of other stars, the

sequences and points on the color-lumlnosity diagrams of globular
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clusters. Information in this regard is given on pages 58-61.

We would only like to add that numerous studies of recent years
absolutely indicate the necessity of a certaln small additional
attenuation of luminosity of stars of the RR Lyrae type in

'~ globular clusters. These studles also substantlate the considerable
dispersion of their values both within each cluster and, in
particular, in the transition from one cluster to another.

Equation (87) fully satisfles both of these patterns.

After discovering a clearly expressed dependence of the
absolute magnitudes of stars of the RR Lyrae type, calculated from
Formula (87), on the content of metals [m/H)] and the integral
spectrum Sp (see Table D at the end of the book), we obtained the
preliminary average values of all three determinations. After
this; we again solved the equations relating the quantities
[m/H] and Sp with the absolute magnitudes of stars of the RR Lyrae
type. As a result, the following formulas were obtalned for
calculating the absolute magnitudes of stars of the RR Lyrae type:

~ uRR
My

132+ 0 BB[m/H] R ,
£0,02 % 0 _ / (88)

‘ mﬁﬂs 3A25+h$b(Sp—Fﬂﬂf (89)
+ (1,027 ¢

0.04

These formulas were used to obfaln new numerical values of
the absolute magnitudes of stars of the RR Lyrae type in the V
system, and these values were agaln averaged with the values ob-
tained directly from PFormula (87). Thus, weights were used
which were calculated based on the deviations from the overall
average and with allowance for the reliability of determining
[m/H] and Sp.

Table 8 gives the absolute magnitudes of stars of the RR Lyrae
type which we used\(and consequently, absolute magnitudes of the

horizontal branches of those clusters for which such calculations
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were possible).

The unit of weight formally corresponds to the mean square
error of 0,10, but the real error of the absolute magnitude is

much greater.

TABLE 8
sac MR we  noc MIY w NGC  MER g
104 1,14 8 6121 090 8 ICI276 0.3 2
288 0,30 4 6133 - 1.03 5 6559 .24 4
382 0.93 B 6171 1.01 - 10 6560  1.02 2
1261 (.88 4 6206 0.74 14 B584 1,00 3
1851 0,01 & 6218 075 8 6624 121 4
1904 0,75 7 6229  0.84 9 6626  0.94 ¢
2208 0,79 B 6254 078 12 6637 1,27 10
2415 0,72 8 6266  0.94 10 6639 1.08 5
2808  0.81 8 8273 0.83 13 6642 100 5
©8201 084 - 8 6284  0.86 g 6852  1.09 3
Pal 4 0,89 1 6293 0.67 6 6665  0.65 13
t 4147 072 9 8304  1.33 8 6681  0.84 7
o 4372 0.69 4 6316  0.99 2 6712 058 10
. 4890  0.58 7 6333  0.66 7 6715  0.85 B
© 4831 0,82 4 8341 056 17 C8725 104 8
i 5024 0,66 16 8352 1.24 4 8752  0.15 7
. 5033 0,58 8 6366 1,24 14 876N 106 4
5139  0.70 11 6362 .91 8 877¢ 0,68 12
5272 0.82 17 6388  1.23 6 68080  0.68 7
. G468 0,63 8 8387 0,75 7 6838 1,16 11
S 6634 0.75 3 g402  0.88 12 6864 0,88 10
- 5694 0,89 4 8426  0.69 3 8934 0.0 B
. BB24 0,61 ) 5440 1,28 - 7 6981 ne4 7
| Pal B (.9 % 8441 1.25 6 7006 0,72 11
;  BB97 0,58 8 6622 0,98 8 7078 0.57 19
¢ 5904 0,83 17 6528 1.30 6 708 0.68 17
© 5927 1L.29 § 6636  0.89 I 7099 0.58 11
| . 6946  0.73 2 6638 1,30 % Pal 13 0.85 1
' 5886 0,81 8 6641 0,72 8 7492 0.82 2
L8093 0.70 B 6544 0,97 2
—_ , 2}
' ORIGINAL PASE o
T QOF POOR Q

S~
—
A\
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1. Determination of apparent modulil of dlstances based on

In 1974 we had at our disposal 78 color-luminosity diagrams
of MT.gloEular clusters. We are referring only to thosgse dlameters
which were formulated either directly in the U,B,V,I photometric
systems or in other systems which could be more readlly reduced.:
Several diagrams were placed at our dlsposal durlng the study.

Table 8 gives a fairly reliable absoluteivalﬁe of V ofﬁ
stars of the RR Lyrae type (which corresponds to the horizontal
branch) for all 47 globular clusters. Table 3 gives the magnitudes
of stars on the horizontal branch (HB) also in the V system|. i
measured according to the color-luminosity diagrams. Variable
sfars of the RR Lyrae type in the 47 globular clusters were
studied to a certain extent. In some of the clusters, their
apparent magnitudes were determined directly in the B and V
systems. For the majority of the clusters, only the photographilc
values in the .0ld international system are known. When there
were cclor-luminosity diagrams in the B,V systems for such cldsters,
using the comparison stars 1f was usually easy to change from the
published values to values in théfB system. In the remaining
cases (not reduced directly), reduction to the B system was per-
formed according to the formula: .
A lBum-P'n;ﬁlEnlU, .(m“< 14%0); : ' (90)
B=m +071(m, - 1470)+071, (m, > 14,0}

The wvalue of h02§+E(B;0ﬂwas subtracted from the median value of B . .

thus obtained, where +0.26 was assumed to be the true mean value
(B-V) for stars of the RR Lyrae type (i.e., free from interstellar
absorption}. . Table 9 gives the median values V of stars of the

RR Lyrae type. In those cases. when the magnitude was obtalned
from Formulas (90), it is given in parentheses| in Table 9. The
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fact must be kept in mind that medlan values are given in

Table 9, Thils was done intentioﬁally, since there is no possi-
bility of calculating the average values of V based on intensity
for several clusters. The weight of the median apparent magnitudes
was calculated based on the deviations from the average values

in such a way that the unit of weight corresponded to the mean
square error of +0.10.

Combining the apparent magnitudes of stars on the horlzontal
branch from Table 3 and the appafent magnitudes of stars of the
RR Lyrae type from Table 9 with the absolutepmagnitudes]
from Table 8, we obtain the preliminary values of the distance
moduli = Mod®? Mmﬂ?,. These moduli’values were used to calibrate
all of the remaining methods of determining the globular cluster
distances.

™~
—J
~J

TABLE 9

i NGC fy, Wt NGC ’ Ty Wt NGC - @, W
© 362 (1551 0.7 Pal 5 1735 14 IC1276  (18.57) 0.8
11261 16,60 1.6 5897 16,23 2.2 §538  (16.71) 0.6
1004 (16.31) 0.4 5904  15.02 9.5 6626 (15,83} 0.6
2418 (10.61) 1.3 5986 (16.43) 0.3 6656 {13.8%) 1.0
2808  16.56 0.5 6093  (15.82) 0.3 6712 16,18 4.0
13201 14,80 4,6 6121 - 13.29 3.2 6715 (17.18) 1.8
4147 16.80 2.0 6171 16.80 4.5 8723 15.63 4.7
S 4590 (15.8M) 1.5 6205 14,72 2.0 6634 18,03 7
4833 (15.33) 0.7 6220 {17.66) 1.0 6981 16,94 5.1
5024 16,98 5.9 - 8266 (16.32) 2.2 7006 13,81 6.0
5053 16,24 1.6 §333 (16,15 0.8 7018 15,83 8.3
15139 1451 114 6341 15,11 3.5 7089 15,97  4,)
15272 16,59 13,7 §382  (14.72) 0.9 7099 1611 L7
15466 16.58 4,5 6402 17,31 1.5 Pal 13 1770 2.0
‘5634  (16,98) 0.8 6426 (17.72) 0.8 7482 1708 1.7
;@5524 (1.72) 1.2 8522  (16.40) 0.3

ORIGINAL Pagg
OF POOR QUALH'Y{S
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2. Determination of apparent distance moduli based on 5 and

25 of the brightest stars in globular clusters

For a long time the old method of Shapley has been disregarded.
This method 1s based on estimates of stellar| magnitudes of 25
of the brightest stars in'the‘globular clusterg. An attempt was
made to reestablish this method by H. Arp, 1965. In a recent
study (B. V. Kukarkin and R. M. Russev, 1972), 1t was shown that
this method leads to very encouragilng rgsgﬂts when there is a more
rigorous !selection| of the cluster stars. All of the magnitudes
published in the study just mentloned were carefully compiled- and|
corrected. A short time after thils investigation was completed,
many studies were published or placed at our disposal which made it
possible to expand and refine the preliminary data.

For our purposes of using the bright stars in defermining the
apparent distance moduli, we selected only stars on the branch of
the,giants—subﬂgiants. The cepheids and other possible members
of the clusters (see, for example R. J. Zinn, et al., 1972) were
naturally excluded from the examination. | |

The brightest stars on the branch of the glants in the
color-luminosity diagramnare located on its uppermost right end.
This portion of the branch is almost parallel to the abscissa axis.
Thus, these stars are particularly suitable for determining the
distance moduli. In the case of 25.stars, the situation is some-
what more complex, since these stars are located‘on the sfeeper ‘[lﬁ
section of the branch of the glants changing into the branch of
the sub-giants. Disregarding stars i1n the dense sectlons of the
clusters may lead to the result that the average of the apparent
magnitudes of 25 bright starss is less than the true value. It is
true that the average based on five} of the prightest stars is not
guaranteed to escape this effect.
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- Studies of limited value, which were recently performed
(Z. I. Kadla, 1971; Z. I. Kadla, S. Spasova, 1972)/ make it
possible to not only qualitatively examine this problem. Using
Instruments with a large focal distance, ..Z. Kadla was able to
measure photometrically stars in the dense  central sections
of several of the c¢lusters which have been well studied. It
is particularly Important that Kadla determined the eigen move-
ments of pheaggtgpsﬂ this made 1t possible to distinguish the
stars on the background with great reliability. We shall not
further discuss the promlising conclusions of Kadla and Spasova
régarding the structural characteristics of the brightest stars
(strong concentration toward the center!) which are very important
for solving the problem of the relative masses of globular star
clugters pertaining to different sequences on the color-luminosity
diagrams. We shall simply compare their results and our determina-
tions of the magnitudes of five of the brightest stars.

6208 6341

NGC © 8272 6904 .

Kadla and Spasova | 724 11,81 . . 12.03 11,04
Kukerkin ;12,64 12.29 1203 12,32
C (King, 1974) L 1.90 1.78 1.56 178
My e ~8.3 ~8.2 ~7.8

Tdentical material was probably used in the case of NGC 6205.

In the three remaining cases, we could not take 1nto account the
stars 1in the central regions. Apparently, the brightest stars

of the massive clusters are actually located in the most central
reglons. Naturally taking them into consideration unavoidably

leads to distortion of the V5, VEB, B5, B25 magnitudes. However,-
the concentration of stars and a great amount of stars in the
clusters 1s closely related with the masses, and consequently with
the integral luminosities (absolute magnitudes) of the clusters.
Thus the "non-solvability" of the central cluster reglons (and
conseqﬁently the systematic error in the V5, V25, B5, B25 magnitudes)
will increase with an increase jxlfﬁﬁf. This magnitude 1s included
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TABLE 10

NGC V5 V25 BS B26 (NGC V6 V25  BE R

104 11,52 11,92 13,03 13,38 6341 1212 12,52 1844 1387

362 12,56 1314 1432 14.64 6362 13,06 1377 1493 15,42
1261 13,00 14,44 1604 16,66 6366 16.01 16,29 1700 17.27
CPal2 I7.5: - 19,7:  — 8362 12.06 13.21 1424 14.63
1851 13,31 13.88 15,02 1529 6397 1018 10,96 1168 12.16
2298 13.88 14.56 14.95 1583 6402 14,39 14,88 18,57 18.76
2308 13,20 13.62 15.03 16,34 6522 13.84 14688 1554 1637
3201 11,96 1273 13.60 14,07 65628 15056 - 1728 -
Pal 4 17,78 1881 1926 19.83 6641 12,30 1290 13.81 1410
4147 14,86 1575 15.94 16.87 6637 13.07 13.54 1518 15,32
4372 12,25 13,04 14.01 1454 8656 10.98 1L30 1234 13.23
4833 1241 12,91 14,10 1441 6712 13,85 1442 1545 16,08
502¢ 13,90 1454 1538 1573 6723 13,00 1386 1470 15.14
5063 13,94 14,91 16,12 1582 6782 10,98 1L72 1249 12,90
5130 11,52 1L78 12.98 13.23 6770 13.24 1419 1481 15.3¢
Po5272 12,64 1327 1420 14,85 6838 12,40 1324 1424 1474
! 5466 13,69 1439 14.98° 1646 6934 14,16 1801 1537 1620
5807 13.42 1428 1497 1548 6981 1453 1812 15,75 16.21
5904 1229 1242 13,76 1411 7006 15.8% 16,60 17.41 17.84
b og121° 19,83 11,67 12.76 1311 7078 12,83 13,52 1408 14,56
. 6171 1322 13,85 1511 1546 708¢ 13.26 13,78 1430 14.89

6205 12,03 1248 13.46 13,79 7099 1245 1335 1373 1431
6218 12,25 13,20 13,70 14,33 7402 14,81 16,74 1618 16.74
! 6254 1196 12,71 13.60 1414

in an equation such as (91). Thus, the coefficlents for the
term hﬁv in equations (92-95) will significantly compengate for
the error arising due to not taking into account (or partially
taking into account) stars in the central regions of the globular
elustera. The dlstance moduli obtalned from these formulas
closely coincide with independent determinations, which serve

|
—3
O

as the best confirmation of our étatements.

Unfortunately Kadla and Spasova did not publish the (B-V)
magnitudes of the bright stars in the central regions of the
éiustérs which they studied. Therefore, we cannot establish the
position of these stars on the color-luminosity dlagram. We
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hope that they wilill continue to study the giants 1n the clockwise
direction. If they form a special family ofrobjects, this will be

no less interesting.

Table 10 gives the V5, V25, B5 and B25 values which we used
for B9 globular clusters (they are very exact for two clusters).
It is extremely difficult to determine:-the ervors in these
quantities, since, contrary to custom, we did not take any welights,
and we assume that they are approximately of equal value, excluding

two cases noted with a colon.

Taking the fact into account that all the bright stars have
low temperatures and TiQ| absorption bands are formed in their
atmospheres, which afémbarticularly numerous in the V photometric
system and less numerous in the B system, 1t may be assumed that
the modull determined from the values of B and B2% will be more
precise than the moduli determined from the values V5 and V25.

With an increase in the content of metals in stellar atmospher
the bolometric correctlions will rapidly increase, and along with
that the B-V values will increase. Due to this, the branch of the
‘glants will become more and more sloping (there are other reasons
for this phenomenon, related to the Internal structure of these
stars). Therefore, it is necessary to introduce a term into the
reduction equations which depends on the content of metals [m/H].
In addition, it is apparent that'the more stars there are in a
¢luster, the brighter will be the stars in a cluster of high
luminosity, due to the greater population of the branch of the
‘giants., Consequently, it is necessary to ineclude a term 1n the
reduction formulas which 1s proportional to the richness of the
luminosity function. A good substitute for such a quantity may
be the absolute magnitude of glbbular clugters. This method was
put into practice (B. V. Kukarkin, R. M. Russev, 1972) and.gave
very good results. Just as-in the study mentioned, equations of

/80
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the following form were formulated

‘ - cl
_ Modq” Vi+a -l-b[r.n_/H}+ch

(91)
and solved by the method of least squares. As a result, the '
following four formulas were obtained:

Mod) = V5+0,03-0,62 In/H] 0,16 ME!
PP 50.20: 0,06 - £0.03 (92)
© ModY = V25-1,45-0.83m /4] - 0.30 M§!
' 20,280,009 +0,04 (93)
| Mod®  w.BS ~ 1,36—0.77 In /H} - 0,22 MG
ST 0011 0,04 1002 (94)
Mod® ¢ = B26 -~ 2,24 0,66 (m /H] - 0,20 MG
S T 0016 £0.08 1002 (95)

Qur qualitative predictions regarding the expected relative

accuracy of each of the equations were

confirmed: the zsmallest

error in determining the apparent distance modulus of one cluster

[ib.lo was obtained for magnitudes based on the values of B5.
B25 follows (error *0.15), V5 (error #0.16) and V25 (error

Then
+0.24),

As was already noted above, Shapley continued fo determine

the distances up to the globular clusters, using the magnitudes

of the bright stars. He published the photographiec magnitudes

of 25 of the brlghtest stars, and also the magnitudes of stars
of the sixth and thirtieth order of brightness in each of the 48

~globular clusters (H. Shapley, 1930).

In some subsequent books

and summaries of Shapley himself, as well as other authors, the

data on the mean photographic magnitude of 25 of the brightest

stars was repeated, expanded, and somewhat changed.

We should

recall the very valuable catalog of globular clusters of Sawyer

and Hogg, which included the magnitudes fér.-66 clusters (H. B.

Sawyer -|Hogg, 1963),

Two years later Arp reduced the photographic

magnitudes of 25 bright stars by means of formulas (90) to the

B system, and reduced the number of clusters to 67 (H. Arp, 1965).

90
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It was shown recently that the magnitude of Arp contains a systema-
tlc error related to the galactic latitude (B. V. Kukarkin, R. M.
Russev, 1972). It would probably be more correct to search for the
cause of the systematic error in the color excess E (B-V), but —
taking inte consideration the low accuracy of the magnitudes of

Arp — we did not continue this study, so as not to:delay'ﬁﬁblicé;f
tion of thils book. In correcting the magnitude of A;;—for the
"effect of galactic latitude", we obtalned the following formula,
connecting the corrected magnitudes of Arp (B'25) with the

apparent distance moduli in ocur system:

Mod® w (B'25) = 2,98 ~ 0,61 [m/H] ~0,36 W
Pere™ ):0.41_10.13. T r006 (95a)

The mean sqguare error of determining the dilstance modulus of

one cluster was t0.35, which was much worse than any of the de-
terminations used in formulas (92) - (95). Nevertheless, it is
necessary to use these modull, especlally when there are no more
reliable determinations. The mean welght of these determinations
is naturally not large (0.08).

In calculating the apparent moduli based on equations (92) -

(95a) we must always keep the fact in mind that 1t is hecessary

to solve thegse eguations with successive approximations, assumling

preliminary MV and M, values which are as close as possible to the

desired values. Two approxlimations are usually necessary. It

is necessary to make a greater number of approximations in the
case of an unsuccessful selection of the prelimlinary value of the
absolute magnitude.

Visual determinations of the magnitudes of bright stars of
van den Bergh and the (m—M)ﬁavalues derived by him may also be
used. They were reduced to our system usling the following formula:

. v o_ ) S o
Mod = 6.00 : g:gg(m My N g:;g[mm] (95b)
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The mean square error of determining the distance modulus of one
cluster was very large and was 0.46. The mean weight of these
determinations was 0.05 in all.

3. Determination of the apparent moduli of globular clusters

based on the cephelds.

o e S et e 4

—_—

At presen:](197u) about 4o variable stars of the cepheid angj

—~"" "RV Taurus type ‘have T been discovered in globular clusters. — —

- Apparently., serlous attentlon was first glven to thelir 51m11ar-
ity with variable stars of the W Virgo type in 1950 (B V ,
Kukarkin and]P""G Kulikovskiy, 1951). o - T e

————— i

e — T R B L

=,

- —4—-=\ g e e

— s e T i
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T Unfortunately; too 1ittle attention has recently been glven i
to a study of variable stars of thils type in globular clusters
(in contrast to red variable stars). This may be due to the /82
fact that primary interest was attached to stars of the RR Lyrae
type in studying the variable stars in globular clusters.

Fortunately in recent years cepheids in globular clusters
have finally attracted their merited attention, After the
interesting sporadic study of H. C. Arp, 1955amonly a few
individual studies appeared. ©S. Demers recently continued the
group of studles (see, for example, S. Demers, 1971), but his
studies are based on a very small number of observations. The
problem was raised of finding cepheids in globular clusters
(a. Waliéﬁstein, 1970), and also attempts were made to determine
their location in stellar evolution (see, for example, M. Schwarzs-= Ll..
child and R. Hirm, 1970). Many other authors {have| pointed out the
unusual period-luminosity relationship in stars of the W Virgo
type (see, for example, M. S. Frolov, 1970; K. K. Kwee, 1968).

In 1971, A. 8. Rastorgouev kbecame interested in the pfoblem
of ecepheids in glcbular clusters. He used the rich collectlion
of photographs of globular clusters accumulated since 1959 at the
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State Astronomlcal Institute Imeni P. K. Shternberg in Moscow.
'Based on his preliminary results, Rastorgouev formulated anew-
the period-luminosity relationship for cepheids in globular
clusters (B. V. Kukarkin and A. S. Rastorgouev, 1972; 1973).

This relationship, which was calibrated based on the absolute
magnitudes of stars in the horizontal branch given in the study
of Kukarkin and Russev (B. V. Kukarkin and R. M. Russev, 1972),
1s well approximated by the following two linear equations:

M, ==026-112togP”" (ogP<L13) .
£0,07 £ 0.08 . |
My =+2.06 .89 logP  (log P> 1.13) (96)
M = ~0,08 ~0.70 logP T tiogP< 1.13) .
° 008 £0.07 (o)
o M=+ 351+ 411 togP  (logP>1,15) S,
& e £ 0,09 £ 0,00

These formulas are tentative 1n nature. At the present time

A. 5. Rastorgouev has concluded the study of all the cepheilds in
 globular clusters, for which it was important to obtain reliable
dafta. We did not wilsh to delay the completion of our book, since
it is already assumed that the new formulas wi1ll differ from the
previous formulas (96) and (97) so slightly that they will not
have a significant influence upon the apparent distance moduli of
globular clusters derived in this book.

Utilizing formulas (96) and‘(97} and the apparent magnitudes
of cepheids in globular clusters, the apparent distance moduli
were calculated. Welghts were given to them which were not
established rigorously but, as far as possible, in such a way
that the unit of welght, just as in other cases, corresponded to
the mean square error of #0.10 in the modulus value.

Photoelectrlc measurements of cepheids in globular clusters

in different frequency ranges are very desirable. There are
practically no such measurements (the few observations cannot be
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used as material for reliable statistical processing).

It is known that in dwarf galaxies of the stellar system
type in the clusters Sculptor and Draco variable stars are
encountered With periods from 0.45 to 1.6 days and with absolute
magnitudes which are approximately one stellar magnitudea'higher
as compared with the magnhitude of stars on the'horizcntal branch
(W. Baade, H. Swope, 1961; S. van Agt, 1967; H. Swope, 1968;

P. N. Kholopov, 1971; 8. van Agt, 1973).

If we assume that the absolute stellar magnitude My equals
+ 1™0 rfor stars of the RR Lyrae type 1n these stellar systems,
the 'luminosity-pericd relationship may be Teprésented by thel ©'-

equation:

MB "-0.22—].88 IQEP (98)

However, we must approach this problem with great caution.

A simple examination of the histcgrams for periods of type RR Lyrae

stars in the dwarf galaxies (S. van Agt, 1973), undoubtedly
~indicatesthe unusual population of these stellar systems. Only

one histogram for the system in Sculptor: has a great similarityr
with the histogram for the glcbular cluster M3. In all the re-
maining cases, it is impossible to find a good analog among the
“globular clusters of our galaxy. It is Impossible to attribute

an identical content of metals for all stars in the dwarf galaxies
and a relatively identical timé of formation for the stars popula-
ting then.

Variable increased luminosities are also encountered in the
~globular clusters of our, galaxy . For example,.these are the
stars V9 in the cluster 47 Tuc, stars V3, Y31 in cluster NGC 6M El

e e

" stars V19 in. cluster NGC 6712 and stars Vib, V2lmu—ter

(__,_,__.

6723. All of these clusters have a relatively high content of -
metal.
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However, are not all of these stars varilable stars at differing
stages of development than stars of the RR Lyrae and W Virgo type?

We have attempted to illustrate in one figure the periocd-
luminosity dependence for stars of the RR Lyraé type, stars of
increased luminosity in the dwarf galaxies, cephelds in the
“globular clusters of our galaxy, and the initilal portion of the
dependence for classical cepheids. It must be recalled that the
absolute magnitudes of stars of the RR Lyrae type were assumed to
equal (+1¢0) for all dwarf galaxies. It 1s probable that this is
not the case, and therefore stars of higher lumlinosity may be
rearranged on the flgure.

Apparently, we must not now assume that there is a real

difference between cepheids in the globular clusters of our

|\
[ee]
=

~galaxy and stars of increased luminosity in dwarf galaxles.
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Figure 6, Perlod-~luminosity dependence (in absolute stellar

magnitudes - B) for different types of periodic pulsating stars. The

horizental dashed lines show thesregion of stars of the RR Lyrae

type. Stars of increased luminosity in different dwarf galaxies are

designated by the crosses. The cephelds 1n globular clusters of our

. galaXy are shown by circles, and the vertical lines designate the
beginning of the classical cepheid region.
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It 1s possible that these variable stars are at identical stages
of development and the dispersion 1n their values may be related
(apart from observation errors) with a difference in chemical
composition and mass wlth other characteristics.

It 1s necessary to continue the studilies of variable stars
in all the avallable dwarf galaxies. The galaxy in Sculptor is
particularly interesting, i.e., it includes cepheids and possibly
red variables, apart from more than 600 variables of the RR Lyrae
type.

¥y, 5, 6. Determination of the distance modull of globular clusters

"bagsed on red variable stars of different types.

Unfortunately, red variable stars, just like stars of the
W Virgo typéJwere not of interest for a long periocd of time to
researchers of globular clusters. This is particularly surprising,
since even in 1955 M. Walker formulated the assumption that in
globular clusters all red glants which are brighter than a cer-
tain value are variable stars (M. F. Walker, 1955). However,
no one was interested in this and the problem was nhot considered
until the 1970's (R. M. Russev, 1971; O. J. Eggen, 1972). It
was found that in selected coordinate systems the red variable
stars are definitely localized on the color-luminosity diagrams.

Starting at the end of the 1960's, more and more frequently
studies appeared devoted to an investigation of red variable stars
"in globular clusters. Apart from the practical importance of
their study (for example, the possibility of determining distances)
investigations into the theory of stellar evolution (see, for
example, K. Schwarzschild, 1970) played an important role in the

emerging interest in these Stars. It follows from these studies |-
that nonstatlonary phenomena may be characteristic for stars /85
localized on the upper right end of the branch of the gilants.
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These stars may be in a stage of great qualitative reorganization,

Since three special reviews (M. P. Feast, 1972, 1973;
T. Lloyd Evans, 1973) were recently devoted to the problem of
the red variable stars in globular clusters, we shall not go into
detail on these general problems, particularly'since they have
Let us now

already been partially covered (see pages 90-93).
examine three possible methods of determining the apparent distant
modull for the red stars.

A. Red irregular and semi-regular stars-glants are primarily
encountered in clusters of high metalliéity, although they are
found in clusters with a low content of metals. The problem of
observing these stars in clusters 1s very complex and requires
the most accurate possible approach. This, in its turn, is
connected with the selection of a good coordinate system for the
color-luminosity diagrams. The photometric gystem V and the

color equivalents B~V are absolutely unsultable for a sgcientifically

valid classification of red variable stars in globular clusters
(even in the galactic fiel@jjj'firf

Attempts are now belng made to find a practical solu%ion to
this problem. It 1s sufficlent to examine the study of 0. Eggen
(see, for example, O. J. Eggen, 1972)and previous studies of the
same author mentioned there). A single glance at the diagram of
Lloyd Evans (T. Lloyd Evans, 1973) is sufficient to establiish
that, with an appropriate selection of the coordihates, red
variable stars are localized in terms of luminosity hardly more
precisely than stars of the RR Lyrae type. This is due to the

fact that the V coordinate was replaced by the~I, coordinate.  If

4 ‘ K
Lloyd Evans had replaced the V-I coordinates, the picture would

be much more clear.

First of all, an attempt was made to connect the apparent
magnitudes of the red variable stars in the:fglphotometric system
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with the apparent distant moduli }&dml. Eleven conditional
equatlons were formulated whose solution led to the Ffollowing
relationship:

Mod!X = 3.60 + 0971k 0,13 {m/H) o
£ 0,06 0,10 (99)

The attempt was successful. In spite of the relatively small
amount of material, the mean square error of determining the
apparent distance moduli of one cluster was +0.18, which is
comparabie with other methods of average reliability. When re-
liabkie IK values of red variable stars are determined for all 25
globular clusters, where variable stars of this type have

already been found, and when searchég are made for those variable
stars in other elusters, this method of determining the distances
will probably be found to be one of the most reliable. It is

apparent that 1t is not necessary to stop with the I, photometric

K
system. Other systems may be selected.

B. The mean apparent magnitudes of irregular and semi-
regular variable stars in 22 globular clusters were compared wilith
the distance moduli 1n our system @@diJ. All of these quantities
were reduced to the B photometric system. As a result, the
following formula was obtained:

C Mod® == 0,84 + 1,028~ 0,76 [m/H]

. 0,04 t0.12 (100)

The mean square error of defermining the apparent distance modulus

of one cluster was found to be 10.29. With a more accurate and
more numerous series of observations of red variable stars in -
photometric system B, this error 1s reduced and this method of
determining the distances 1s sultable and sufficlently accurate,

/86

C. It was recently shown that variable stars of the{Mira Cetus

type are encountered in globular clusters with a high metal con-

tent. By 1974, a little more than ten stars of thefﬁi?ﬁfﬁ@fﬁ%‘%ﬁﬁa

- were known, and there was no doubt that they belonged to clusters

98



(for the majority of the stars, the radial velocity was
measuﬁed, which was found to be close to the velocities of the
clusters themselves). Unfortunately, the result was gquite unsatis-
facfory with photometric cbservations of the stars. There is no
assurance that the published photographic magnitudes at the maximum
pertained to the maximum of the average altitude (as 1s known,
the maximum photographie magnitudes of a given star of the°M1?§wg§FP§/
type are not the same). There are no systematilc observatlons_ln
photometric systems which are good for studying red stars. Some
stars of the. Miygi@etus type have not beenlstudled at all /

In spite of the sparse material, 1t has been possible to
obtaln the maximum values in a system close to B for seven stars
of the Mira Cetus type in four/globular clusters. zJA_QETREF}?P@_PfJ
these values with the apparent distance moduli in our ‘M;ﬁw|syste%

led to the following formula:

Mod:pp = Maxa --G.

0,14 (101)

+
+ l

2,76{m /H] k
0,27

The mean square error of determining the apparent distance modulus
of one cluster is 20.14, This was undoubtedly due to the small
number of equations. If there had been three of them, the solution
would be absolutely accurate. However, 1n general, this method of
determining the distance to the globular clusters merits atten-

tion.
The methods described above for determining the apparent
distance moduli of globular clusters for red stars are very - /B7

promiging. However, there is material which 1s absoclutely not

suiltable for a deftailed study of the problem. Further observations
J’IK’ 104)
which are suitable for stars with molecular spectra, as well as the

are necessary, if possible 1In frequency ranges (B,I

selectlon of suitable color equivalents which are unequlvocally]
connected with temperature.
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8.  DISTANCE MODULI OF GLOBULAR CLUSTERS /88

It was shown in one of our studies that the so-=called con-
centration classeg of Shapley-Sawyer are correlated much better
with the absolute magnitudes of globular clusters than with any
magnitudes or qualitative classes which aectually characterize the
concentration of stars in globular clusters (B. V. Kukarkin,

1971). Actually, it is sufficient to examine Figure 4 (page{Sﬂ)
to see that there is an uncertain connection between the concen-
tration classes of Shapley-Sawyer and the gquantity "C" (I. R. King,

1974).

Since the publication of ocur study on the concentration classes
of globular clusters (B. V. Kukarkin, 1971), additional methods
were found for determining the "richness" of globular clusters with

stars. -
H ] 1
' -4 -0
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. Pigure 7. Dependence between the Integral absolute stellar
magnitude of globular clusters and the quantity’ (A e (Y 25~V 5 (B25~B5))
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TABLE 11

NGC IR wt NGC IR Wt NGC IR Wt
104 0,75 3.3 $218 0,42 4,0 6535 t.24 3.0
283 .30 3.2 6229 0,68 3,3 60839 31 3.3
362 0,86 3.3 6236 8.35 3.3 6541 0.56 3.8
1261 0.47 3.6 6254 0.49 4.2 6044 .47 2.8
Pal 17 g,11 2.2 6266 0.7 . 4.0 §553 t.42 3.3
Pal 8 0,33 24 6273 0,61 3.7 £568 .63 2.6
1881 0,64 3.7 6284  0.58 3.6 1c1276 0,18 2.2
1004  0.51 3,2 6287 0.43 3.8 B569 0.45 3,3
2208 0,40 3.8 6293 0.63 3.8 6504 0,30 3.2
2419 - 0,04 3.3 6304 _0.57 3.5 5624 0.62 3.5
28608 076 3.0 6316 0,58 3.6 6626 0,66 1.5
pﬁl 3 0.10 2.4 6325 0.4f 3.5 653? 0.59‘ 4'2
3201 0.39 2.3 6332 . 0.58 a.7 6638  0.68 3.5
4]47 [)_39 4.1 6342 0.65 3.5 5652 3-79 3.'}
4372 0,26 2.8 6362 035 3.6 6556 0.56 4.4
4590 045 3.5 8355 0.2 3.0 L. gl 4
4833 0.55 3.3 6356 0,68 4.2 6801 0'5; 35
8024  0.61 42 Tz 2 045 1.0 §717 0.4 4.5
5053 0.18 4.2 6362 0,42 3.2 8715 [}lGS e
5139 0.86 . 3.3 6366 0,16 3.5 e oy
5272 0.64 4.2 Tz 4 0.8 10 6717 0,47 2.2
5266 071 24 HP 1 0,24 2,0 §728  0.53 4.0
5466 0.27 4.4 8300 0,34 1,7 §743 0,28 3.3
B634  0.66 3.6 638  0.64 2.8 752 0.58 3.3
" Bgo4  0.64 3.2 Tz 1 0,40 1.4 6766 0,42 4.5
| yoa499 017 22 Ten 2 0,23 L7 6779 0,43 4.8
5324 . 0.72 3.5 6397 0.37 3-3 Pal 10 0-11 2.2
| pal 6 0.08 9.4 8401 0.49 1.6 192530 0,06 2.0
" BBY7T  0.32 4.5 8402  0.65 4.5 6808  0.38 3.3
5994 0.52 4.4 Pal 8 [}.26 2_2 Pal 11 0.17 2.2
5997 0.58 2.4 §426 0.29 3.8 6838 t.28 4.0
5946 .53 2,2 Tz 6 0.8 1.0 6864 - 0,72 3.2
8 5986 .62 3.3 8440 0.04 3.3 8934 0.66 4,2
i 1808+15 0.08 1.7 G441 0.79 3.2 6981 D.46 4.4
Yy 6003 0.72 .7 Trz § 8.3: 1.0 7008 0,61 4.8
6101 0.29 2.0 0463 0.70 2.8 078 0.84 4.4
121 0,38 4.4 5496 0,21 2.4 T089 0.71 4.8
- 5139 0.80 2.4 8517 0.59 3.8 7089 0.47 4.4
6144 0.27 .3 6622 0.BC 3.7 Pal 172 6,13 2.2
6171 0.38 4,2 65628 0.42 3.3 Pal 13 . 0.02 2.4
6205 0.70 4.4 ' 7452 0.18 4.1
»?h‘fﬁ%
og,lﬁ\go?“ QU 101
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One of the most sultable quantitfies characterizing the /80
population of the luminosity function of the given globular
eluster is the difference between the apparent stellar magnitudes
of five and twenty-five stars V25~Vl and V25-B5 (see Table 10).

TThe following value of A was proposed:

At.%[ums-VM+a%5-Bmll/ (102)

This quantity proved to have a very relliable correlation with the
absolute magnitudes'MV.of‘globular clusters (see Figure 7).

Table 11 on page 101 glves the richness indexﬁIRP This was
obtalned as a result of further reduction of all additional
determinations to the scale selected previously.

A comparison of the richness indices with the most reliable
v and My of ho .
~globular clusters made it possible to obtain the following two
formulas:

determinations of the absolute maghitudes M

M, =349 ~ 731 IR |
7 028 £061 (103)
M. =261 = 7,17 R \
,° 40,30 0.56 (104)

The mean square errors of defermining the absolute magnitude of
one cluster are *0.52 and +0.56, respectively.

As may be seen, this method of determining the absolute
magnitudes of globular clusters is one of the least accurate
methods. Nevertheless, in certaln cases a knowledge df the
richness index is one of the few possibilities of determining the
distance to a globular cluster. This is important for clusters
which are not well studied.
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Determination of true distance moduli of globular c¢lusters based
on their diameters

The chapter of the book devoted to determination of the
diameters of globular clusters showed that the system selected 1is
practically free of the influence of light absorption. This makes

the diameters of globular clusters suitable for determining the
frue distance modult.

..4-—-'13 . \'

— Prellminary values of the true dlstance m@duli were obtained

R

by subtractlng the tripled value E (B- V) from-the-appavent mode o
ulusmw:QJForty -seven globular ec¢lusters were selected, for which

both the true distance moduli and the diameters were determined

very unreliable. It is apparent that the true cluster dlameter=

must be related with its mass. The cluster mass may be replaced by

‘the integral absolute magnitude M In addition, as was already

noted above, the content of metals may also introduce a. systematlc:
error 1ntp any system of determlnlng the dlameters 1 Actuallxﬁlrunhlgl_nt

ettt | ————
PRy ey .

’g&obular elusters w1th a high metal content there are practically

no_ white or blue stars on the horizontal branch. If the masses

of the red and blue stars are different and this difference
existed for a rather long period of time with respect to the time
of relaxation, then in measurements of the diameters at different
wavelengths we will make differing determinations of the influence
upon tne diameter of blue and red stars. In the red lines, the
influence of blue and white stars will be attenuated, whereas in the
blue lines, it will be intensifiled..Finally, it follows from the
theoretical calculations of the dynamic evolution of globular
clusters that the limiting radius must greatly depend on the
distance of the given cluster from the center, particularly from

the galactic plane.

when an empirical formula was selected for representing the
- apparent diameter of globular clusters as an index of the distance,
" it was deecided to represent the true modulus ModO as &a funetion of
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the Togarithm of the globular cluster diameter 1g 4, its absoclute
magnitude M., the metal content [m/H], and the logarithm of the
z—coordinate of the cluster (in terms of the modulus):

qu0=a+blgd+'c]_¥1v+§{m/1ﬂ+lgz J (105)

As a result of solving U7 arbitrary equations by the method

of least squares, the following formula was obtained:

Mody = 15,17 ~ 3.521gd - 0,26M, ~ 0.28(m/H] + 1,521gz | (106)
£0.32  £0.05 04 0.3

The mean square éerror of determining the true distance modulus of
one globular cluster based on formulas (106) is 20.39. This is a
low accuracy, but frequently the cluster diameter is the only

numerical characteristic, which may be used to obtain the approxi~

mate distance to the cluster.

The proposed method for determinihg the true distance
modull of globular clusters based 6; the apparent diam%ters,
reduced to our system which is free of the influence of*¥Fnter-
‘gtellar absorption of‘light, 18 not sufficiently accurate and is
comparable with the most reliable methods of determining the
distances. Nevertheless, 1t was sultable for determining the
distances of globular clusters. This 1s very important 1n the
case of those clusters for which other methods cannoct be used.
The complexity of formulas (105) requires a skillful selection
of the necessary parameters and the successlve approximations
when solving the equation. However, our experience has shown
that with practice and a certain amount of intuition the disadvan-
tage of this method can be overcome.
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Rectenguler coordinates of globular clusters

For all of the globular clusters whose distance from the
Sun is given in Tablelfgjformulas (1), (2) and (3) were used to
caleculate the rectangular coordinates x, y, 2. The x axis 1s
directed from the Sun to the center of the galaxy; the y axis is
directed from the Sun to a polnt on the galactlc equator with a
longitude of 90°; the 2z axis 18 directed toward the North Pole of
the galactlic coordinate system. |

The rectangular coordinates thus calculated are given in a
supplementary table after Table F. The fact must be kept in mind
that, 1n the case of calculations using the distances from Table F,

small divergences from the values of the supplementary table}

may be encountered. This may be explained by the fact that the
values in Table F were rounded off as a function of the accuracy
of determining the distances. In the supplementary table, calcu-
lated by means of a computer, the initial data were not rounded
of f and formally contained the number of signs assigned by the

computer.

Radial veloeitieg of globular clusters

The supplementary table also gives the radial velocities
~of globular clusters.u All of the measurements of radlal ve1001t1es

bllshed before 197H ‘were re- examlned l The"Mayell_Eﬁd Kinméﬂgg§5:%f*’
tem of radial velocities was used (N. U. Mayall, 1946), (T. D.

Kinman, 1959a). The last of these studles uged all of the pub—
‘lished- measurements of radial VGIOCLtles ’

e S U

—-“‘“‘—.\.& i e T _-_—_“-—‘Ff—-—v.e—*—,._ — e D S -

~After the publication of the sfudy of-Kinman,, nimerous”
determinations were published of the radial veloclties of individual
stars in several clusters (M. W. Feast, et al, 1960; Fehrenbach, C.
et al., 1962; R.v.d.R. Woolley, 1966; M. W. Peast, 1967;
“R. M. Catchpole et al., 1970; M.}W. Feast, 1972;]
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P. J. Andrews, et al., 1974) and the integral radial veloclties
of 22fglobular clusters (S. van den Bergh, 1969). These latter

determinations needed a systematic correction of +19 km/sec (the o

same value was derived in the study of van den Bergh but with a
different sign; this is probably an oversight).

Based on the deviations of individual determinations
from the preliminary weighted averages, the mean errors of all
the series of observations used were redetermined and new values
of the welghts were calculated. In the majority of cases, they
were proportional te the weights used in the book of Kinman.

The values used for the mean radial velocities of globular
clusters and thelr weights are given in the last two columns of
the supplementary table. The unit of weight corresponds to the

mean square error of 10 km/sec.
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PART 2

GENERAL CATALOG OF GLOBULAR CLUSTERS
OF QUR GALAXY
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Description of the general catalog of globular clusters in /99

our .galaxy.

All of the general characteristics of globular clusters in
our galaxy, reduced to a uniform system (see the first part), are
~glven in six tables, designated by the letters A,B,C,D,E,F.

Table A

This table glves the names and locations of globular clusters
in the celestial sphere. The table contalns the following columns:

1. Name of globular cluster based on the NGC catalog and, when
this catalog does not give it, the name is given from another,
most widely used source. A second name 1s given after the
first, if it is found in the literature.

2. Right ascension and declination for the 1950 equinox.
3. Annual precessilon for the 1950 equinox.

4, Galaectie coordinates 1n thewnew-system (position of the mean
galactic pole R,A.=12048™; Dekt =+2724 (1950)

Table B

Table B contailns auxiliary quantlties which may be useful
when studying the three~dlimensional distribution of globular
clusters or investigating their kinematics. The fable con-
tains the following columns:

1., Name of the cluster in accordance with the first name in Table 4.
2. Cosine of the galactic longitude cos 1.

3. Sine of the galactic longitude sin 1.

i, Cosine of the galactic latitude cos b.
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- Sine of the galactic latitude sin b,
Product sinl cosb.
Product cosl cosb.

oo ~] O\

Cosecant of galactic latitude |esc b].

Table C.

Table C glves information on the photometrie characteristics
of globular clusters and their color excesses reduced to a uniform
system. This information is given for each cluster on two pages.
The left page contains the following columns: /

1. Name of the cluster 1n accordance with the first name in
Table A.
Integral stellar magnitude of the cluster V. /100
Weight of this quantity.
4, Sources given at the end of the table and in a general summary -
at the end of the book.

5. Color equivalent (B-V).

6. Welght of this quantity.
Sources 1Indicated at the end of the table and 1n the general
summary at the end of the book.

i "The right page includes the following columns:

Name of the cluster in accordance with the first name in Table A.
Color equivalent (U-B).

Weight of this quantity.

Sources| given at the end of table and 1in the general summary

at the end of the book.

Color equivalent (V-I).

Weight of this quantity.

7. Sources glven at the end of the table and in the general

E VA A\

Oy A

~ summary at the end of the book.
8. Coler excess E(B-V)..
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9. Weight of this quantity.

A list of sources used in derlving all of these quantities
is given at the end of the table. The complete bibllographic
information is given at the end of the book.

Table D.

Table D contains information on the integral specfral classes

of clusters and the content of metals reduced to a uniform system.
The table contains the following columns:

1. Name of the cluster in accordance with the first name in
Table A.

2. Integral spectral class of the globular cluster. When the
gpectral class is derived only on the basis of photometric
measurements, its wvalue isrgiven iIn parentheses.

3. Weight of determining the spectral class,

L, Sources used in determining the spectral class glven at the
end of the table and in the general summary at the end of
the book.

5. Quantity [m/H] characterizing the metal content in the atmo-

spheres of the cluster stars. It corresponds to the logarithm

of the metal content with respect to the Sun.

Weight of the quantity [m/HI.
Sources used to determine this quantity given at the end of
the table and in the general summary at the end of the book.

" Table E.

Table-E contains information on the dlameters and apparent
distance moduli of clusters reduced to a uniform system. The
‘table contalns the following columns.
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1. Ngmé of the cluster in accordance with the first name in
Table A.

2. Logarithm of the cluster diameter expressed in minutes of arc
ig d.

3. Weight of this quantity.

4, Sources used to determine the diameters given at the end of
the table and in the summary at the end of the book.

5. Apparent distant moduli Modz

pp’
Welght of these quantities.
Methods used in determining the apparent distance modulil.

They are given at the end of the table.

When using this table, the fact must be kept 1n mind that
both the dlameters and the distance moduli must be regarded as
tentative, although they are given in a uniform system. Both
the problem of measuring the diameters and the problem of deter-
mining the distance scales are very complex and will be repeatedly

re—examined.
Table 7,

Table F repeats (sometimes ih a-somewhat changed form),
wilithout the details, the welghts, sources, and all of the data
regarding globular clusters obtained in a uniform system. The
information contained in Tables A and B is not repeated.

The purpose of this table is to provide a convenient reference
source for those individuals not interested in probléms related‘ﬁo
the study of globular clusters, but who need:the information.

Just as in Table C, the information about the clusters in Table F

is given on two consecutive pages. The left side contains the

following information:
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1. Name of the cluster 1n accordance with the first name in
Table A. '

2 Integral magnitude of cluster V.

3. Color equivalent B-V.

4. Color equivalent U-B.

5. Color equivalent V-TI.

6 Spectral class of the cluster. The parentheseg indicate that
the spectral class was only derived on the basis of photometric
measurements,

7. The guantity [m/H] designating the logarithm of the metal
content with respect to the Sun.

8. Repetition of Column 1 for convenience in using the table.

/102
The right page contains the followlng columns:
1. Name of the cluster in accordance with the first name in
Table A.
Color excess E (B-=V)..
3. True distance modulus Modg.
4, Distance of the cluster from the Sun corresponding to this
modulus, given 1n kiloparsecs.
5. Cluster diamefter logarithm expressed in minutes of arc.
6. Linear cluster diameter in parsecs.
7. Absolute magnitude of the globular cluster.
8. Repetition of Column 1 for convenience in using the table.
Supplementary table
This table gives the rectangular coordinates of glocbular
clusters. The origin is at the center of the Sun. The x axis
is directed toward the center of the galaxy; the y aXis. — toward

a point on the galactic equator with 90° longitude; the z axls —
toward the North Fole of the galactic coordinate system. The.
table contains the followlng columns:
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1. Name of the cluster in accordance with the first name in
Table A.

2, 3, 4. Rectangular coordinates x,y,z in kiloparsecs.
Radial velocity of the cluster VER.

6. Weight (unit of weight corresponﬁs to the mean error of
+10 km/sec). -

The mean error of any value for the quantifies whose welghts
are given in Tables C, D and E may be calculated according to the

formula +0.10

W Wt

m,e,=

in units of the guantity 1ltself.
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TABLE A. COORDINATES OF GLOBULAR CLUSTERS

Cluster

104
288
G2
1261
Pal 1

Pal 2
1851
1904

2419

5904
5927
5945
5986
"1608+18

6093
5101
6124
6139
- 6144

38

47 Tue’

A 82

w08
79

E s

68
53
C;n

328

>3- 3
w

M 5
A 552
ralld

M 80
M 4

e
Rwo

R.A._ Decl. Preac‘ (1950)
(1950) R,A, Decl,
- oo"21Mg ~72°21' 42768 +0.333
50, 2 &L26 52 +2.93 t0.328
01 01.6 =7107 +2,04 +0.322
032 10. & ~5525 +1.63 +0.225
25.7 t79 28 +8.68 t0.208
04 43 1 +31 23 +3.84 +0.110
05 12. 4 =40 05 +1.97 +0.069
22. 2 ~24 33 +2, 47 T0.055
08 47, 2 -3557 +2.13 0,063
07 34. 8 13500 +4.06 ~0.134
09 10. 9 ~54 29 +1.12 ~0.247
10 03. 0 +00 18 +3.08 -0.252
15. 5 -45 09 +2.48 0,00
11 26, 6 129 16 +3,18 ~0.33
12.07. 6 ‘!'-‘IB 49 +3.06 -0.334
i
23. 0 —72 24 +3148 "05332
35,8 ~26 28 +3,18 -0.30
13 10. 5 +18 26 +2,04 0,318
13. 9 +17 87 +2. 84 -0,317
23. 8 =47 13 +a.88 ~0.312
© 39, 8 +28 38 +2, 77 =0.303
43. 0 <51 07 +3.79 =0.301
14 03 2 +28 45 +2.70 —=0.287
27. 0 -085 48 +3.15 -0.268
8.7 ~28 15 +3 48 ~0.259
x 52. 7 -B8202 +9. 60 —=0.244
15 00. 9 =22 53 +3.89 ~0.235
13. 5 00 0% +3.07 ~0.222
14. 5 =20 50 +3.44 <0221
16. 0 102 16 +3.03 ~0.219
24. 4 B0 29 +4.33 -0.21?
3. 8 -850 30 +4.37 =0.20
42. 8 ~37 37 +3.92 —0.188
16 08. 8 T1505 +2.75 «0.156
4. 1 =2252 . +2.58 ~0.149
20,0 ~7208 _ . +5.81 ~0.141
0.6 ~% 248 +3.68 «~0.140
24 3 =28 44 +4,05 ~0.138
24, 2 =25 56 +3.67 0,136
2%.7 =12 57 +3.33 ~0.128
0.9 +25 33 2 14 -0.114
A4, 5 0152 +3. 11 0,108
45, 6 +47 37 +1.69 =0D.107
50. 4 2206 +3,59 ~0.100

GmeRm A mmmmEmToon o hmReEs ORIGmAL PAG‘E IS
OF POOR QUALITY,
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205:80
149.67
01.52
270,56
130.02

170.49
244.49
227.22
245,53

“180.37

282,18
240,26
277,21
202.31
252,89

N0 1.01
299.62
03,89
333,00
335.56

209,10
Q42.24
311.57

-44390
~89.40
—46.26
=512
+18.06

=-08.58
~35.04
- 29,33
- 16101
+25.25

-11.26
+41.86
+08.64
+71Im
+77.13

~08.90
+36.04
~08.01
+79.76
+78.95

+14.57
+78.70
+10.58

042,13 +73.59
342.22 +49.26

331.06 +30.36
X7.36 -20.50
332.55 +22.06
000,85 +45,06
342,94 +30.29

003.85 +46.60
326,62 +04.87
327.28 104.19
337.01 +13.28
028,76 t42.16

352.67 +12.45
317.73 ~15.83
380,99 +15.86
342,37 +06.94

351,92 + 1568 .

c0% 37 +23.02
062,00 +.40,91
018.70 +26.32
07364 +40.20
388,91 +13.52

"~

|



TABLE A.

o R.A, Decl,
Cluster {1950)
if h m Cim 2y
[ G254 M 10 18"54M5 ~04%02
| 6256 Tea 12 56. 0 ~37 00
i Pal 15 57. 6 =00 28
' 6286 M 62 58, 1 =2003
i 6273 M 19 50. 5 w25 12
. 284 17 01. 5 —24 41
| 8287 02, } -22 38
| g203 07. 1 ~25 30
| 8204 11. 4 =25 24
I 6318 13, 4 =28 05
| g32s 15. 0 ~23 42
5 6333 M 9 16, 2 -18 28
{ g381 M 92 15. 6 +43 11
|, 6342 18. 2 =19 32
! 6352 21+ & =48 25
“ .
[ 6355 20,9 -26 19
| 6388 20. 7 =17 46
P Trx 2 HP 3 24, 3 =20 45
| 6282 A 225 25, 6 =57 O
| 6366 25 1 -0502
| Trz 4 HP 4 27. 4 -31 33
TP 27. 9 =29 57
I 6280 Ten i 32, 0 ~2302
! 6238 32, 6 -44 43
| T 1 HP 2 32 6 -30 26
i
| Ton 2 32,7 =38 31
' 8397 36, 8 -53 39
| 5401 38, 5 ~2353
' BapZ M 14 350 -03 14
i Pal & 0.6 -26 12
| sazs 42. 4 +p312
gf Trz 5 Trez i1 45, 0 ~24 48§
| 6440 45 9 -20 21
[ _6aal 46. B ~3702
| Tr & HPS 47.5 =31 16
] 6453 48.0 ~3437
I " B4g98 55. 5 ~44 14
1 Tez 9 58, 7 -28 52 -
i 517 56, 1 =03 57
;i\ 6522 - 18 00. 4 ~30 02
L 01, 6 -0 04
. 6535 01, 3 0D 18
| 6533 , 02 1 «D7 35
| 6541 A 473 04 4 -43 44
| 6344 04 3 -2501
i|
iGN \
O poor @0
QF ROV

Preae, (1950)
R,A, Decl,

+3.16 —0!co94
+4,04 =0.092
+3,08 ~0.089
+3,82 ~0.089
+3.71 ~0.087

+3.67 ~0:084
+3.61 ~0.084
+3,72 «0.076
+3, 8 -0.070
+3.77 ~0.067

+ 3,65 =0.05%
+3, 51 =0.063
+1.84 -0.054
+3.54 -0.051
+4.67 -0.056

+372 ~0.057
+3.52 —~0.057
+3.86 ~0.052
+6. 19 -0.043
+3,19 «0.051

+3 88 =0.047
+3,84 ~0.047
+4, 15 ~0.041
+4,33 =-0.040
+3.85 ~0.040

+4.13 =0.040
+4.88 ~0.034
13,66 ~0.035
+3,17 -0.036
+3.73 ~0.028

+2.01 -0.025
+3.69 —0.022
+3.57 -0.021
+4.08 ~0.019
+3.88 ~0.018

+4.00 ~0.017
+4.37 -0.007
+3.75 ~0.002

. +3.28 -0.001

+3.85 +0.001

+3.85 +0.002
+3.08 +0.002
+4 78 +0.003
+4.35 +0.008
+3.70 +0.008

COCRDINATES OF GLOBULAR CLUSTERS (CONTINUED)

0113 +2%07
347.81 +03.25
018.89 +24.27
353,58 +07.10
356.85 +035.39

358.37 +08.93
000,13 +11.04
257.64 107.84
355,84 *+05.37
357.17 +05.78

000.8% +03.00
005,53 + 10,72
068.35 +34.86

004,20 +09.73 -

3IfN.28 ~0718

332,58 +05.42
CO8.73 +10.21
256,31 +02.30
32B.54 =17.53
018.42 +16 03

356.03 +01.31
35742 T 11
30,31 ~03.58
245.54 D674

350,680 =D A1
328.18 -11.98
O34 Y0397
p2t.31 +14.79
002,05 +01.78

028.09 +16.24
003.84 +D1.69
007.72 tp3.80
253,53 -05.00
385.56 =D2.18

355,74 -02.97
302,08 -10.1
003.00 D204
015.23 +056.77
001,03 ~03.03

£01.13 =DM 17
027.18 +10.43
020,50 +0G.74

22,27 ~11.19

005,83 022

115



e M . = 4 - TYE =

TABLE A. COORDINATES OF GLOBULAR CLUSTERS (CONTINUED)

T B R, A, Decl, .. Preac, (1950) .1 b
Cluster ‘ . {1950) R.A, Decl,
§553 18063 ~25°86  +3%72 40008 005125 -03%0s
£555 07.0 =31 47 +3.90 +0.010 000,20 ~06.03
tC1276 Pal 7 0B 0 ~07 14 +3.24 40,012 021.82 +05.67
Tex 14 00, § ~24 46 +3.69 +0.014 0083 ~02.18
6563 10, 4 =31 50  ° +3.80 +0.015 . 000.49 —06.63
6584 A 276 14.6 -52 14 +4,78 +0.021 302,13 ~16.3
5524 20. 5 -3 23 +3.85 40,030 00280 —07.92
6626 M 26 21. 5 ~24 53 +3,69 +0.031 007,80 =08.58
6637 M &% 28. 1 =32 23 +3,91 +0.041 001.72 =10.26
. ©63 27,8 =25 32 +3.71 +0.041 £07.90 ~0T.16
. ecaz , 28.8 ~23 +3.65 +0.042 008.82" ~06.42
. EBS2 32, 5 ~3302 +3,.93 +0.047 D01.53 ~11.28
© gES6 M 22 33,3 =23 58 +3.66 +0.048 009,87 ~07.55
Pal 8 38, 5 =18 52 +3,55 +0,056 014,11 06,78
6581 40,0 -3221 +3,91 +0.058 00285 =152
6712 50. 3 ~08 47  +3. 27 +0.072 025.34 ~04.32
. 6715 M 54 51,9 ~30 32 +3,84 +0.075 008.62 -14.09
BTV Pl 9 52, 1 =22 47 +3.62 +0.075 012.86 ~10.51
8723 A 573 S6, 2 ~35 42 +4.04 +o.001% 000.07 =17.20
6743 19 02, 5 +0142 . +3.03 +0.090 038.06 —02.22
! &rs2 A 293 06. 4 ~60 04, +5.30 +0.085 335.49 ~25.62
v B7ED 08. 6 +00 57 +3.05 +0.098 036,10 ~0391
"Tex 7 14 4 ~34 45 +3.87 +p.107 003.38 ~20.05
. 6779 14, 6 +30 05 +2.34 +0.107 062,65 +08.34
 Pol 10 16. 0 118 23 +2.65 +0.109 052.44 402,68
T 1925-30 Arp 2 25. & -~30 27 +3.80 +p.122 008.56 ~20.79
, 6GBOS M 35 38, 9 3103 +3.81 +0.137 = 008.83 -23.28
‘Pal 11 T 42,6 ~0B 00 +3.25 +0.145 03179 1560
| 6838 M 71 51,8 +18 3 +2.67 +0.156 056.74 ~04,55
l 6854 M 75 20 03, 2 ~22 04 +3.54 +0.171 020.31 -25.76
¢ 634 ' 31, 7 +07.14 +2.94 +0.20% 05210 —-15.98
C B9BT M 72 S0.7 1244 +3.30 +0.226 035.15 ~32.68
TO06 53, 1 +15 00 +2,80 0,235 06377 14,38
7078 M s 21 27. 6 +11 57 +2.90 +0.263 06502 -27.32
7083 M 2 30, 8 0103 +3.09 +0.266 053,37 -3%.78
[ 7099 M- 36 37. 5 «23 25 +3,41 +0.272 027,16 ~46.83
(Pal 12 47,3 2128 +3,.37 +p,277 030.52 —47.64
Ipat 13 © 23042 +1228 +3,00 +0.324 087.07 ~42.72
, 7432 05. 7 =15 54 +3,16 40,325 053,32 —63.45
i
|
|
1
|
[T R T - = { - -
|
i
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TABLE B.

Cluster cosl sinl cozh
i04  +0.538 ~0.610 0.708
288 ~0.8363  +0.505  0.010
32 +0.523 =0.825  0.691

1261 +0.010 ~1.000 D.614

Pal 1 0,634 1t0.765  0.945

Pal 2 ~0.9868 +0.165 0.538

1851 ~0.431 -0.02  0.819
1904  ~D.679 ~0.734  0.B72
2208 ~0,413 =811 0.961
2419 =1.000 006 0.904
2308 +0.211 ~0.978 0.a81

Pal 3 -0.458 ~0:857  0.745

A +0,126 ~0.592  0.389
Pal 4 ~0.925 ~0.280  0.312
4147 ~0.254 ~0:954  0.222
4372 +0.515 —0.857  ©.98%
4550 +0.492 —0.85%  0.809
4833 +0.553 ~0.833  0.590
5024  40.89% ~0.4548  0.178
5053  t0.910 ~0:413  0.192
5133  +0.831 ~0.766  0.966
8272 +0.740 +p.672  0.196
5206  +0.564 =0.748 0,983
54656  +0.742  t0.670  0.292
5634  +0.952 -~0.205  0.653
5684  +p.875  ~0.484  0.863
icaang  +0.607 -0,795  0.937

- 5824  +0.887 0. 451 0.927

Pal & +1.000 +0.015 0.656

S857  +0.956 -0:293  0.864
5304 +0.998 +0.057 0.684
5327 +0.835 =0.550 0.998
8245  +0.844 —0.53  0.937
5086 - +0.921 ~0.330  0.873

1608415 +0.877  +0.481 0.741

6093  +0.992 -0,128  0.943
6101 +0,740 ~0.673  0.962
8121 +0.288 ~0.157  0.962
6129  +0.953  ~0.303  0.593
6144  +0,090 ~0. 141 0.963
6171 +0.998 0050 Q.920
8205  +0.515  +0.357  0.7ES
6218  +0.963  +0,271 0,835
6229 +0.282  +0.960 0,763
6235  +1.000 -0.013  0.872
ORIGIY =y ALITY

‘ aink

~0.706
bl 1-00'0

Tl 722

(3,789
+0.327

~0. 158
~(574
~0.430
0. 276
+0.427

~0:195
+0.667
+0.150

+0.950 -

+0.878

~0.172
+0.588
=0, 133

+0.984

+0.982

+0.258
+0.381
+0.164
+0.959
+0.758

+0.508
~0.350
+0.376
+0.718
+0.504

t0.729
+0.085
+0.073
+0.230
+0.671

+0.333
0,273
+D.275
+0.121
+0.270

+0.291
+0.654
+0.443
+0.647
+DIZM

ginlcoab

«0.574
+0.005
-0.593
0514
+0.724

+0.163
+0.729
~0.640
-0:876

~0.005 |

-0.358
=0 B46
~Q.118
-0.212

~0,244
-0.703
~0.823

~0.081
~0.079

"'05750
+0.932
~0.735
40,180
-0.159

~0.418
=0.744
~0.427
+0.010
~0.253

+0.048
~0.548
«0.53%
=0, 380
+0.387

~0.120
0,647
~0.151
(. 301
~0:135

+0.054
+0.643
+0.242
+0.732
-0.01a

AUXILIARY QUANTITIES

coalcoah

+0.418
~0.004
+0,362
+0.006
~0.608

=0.974
-0, 353
~0.532
=0.297
~£,904

t0.207
—h 371
+0.124
—0.233
—0.068

+0.508
+O-4\Z‘O
+0. 548
*0.523
+0.174

+0.809
+0.143
+0.652

- to.210

+0.621

+0l755
+0.529
+0.822
+0.696
+0.526

+0.683
+0.832
+0.842
+0.038
+0.850

+0.935
+0.712
+0.950
+0.945
+0.933

0.919
+0.220
+0.853
+0.242
+0.972

lcaeh]

i
R R |
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1
u
b
|
3

“Cluster

6254
6258
Pal 15
6266
€273

6284
6257
6293
6304
6316

6325
6333
6341
6342
6352

6385
6356

T 2

6362
6366

Trz 4
Het
6280
G53z8

Tex 1

Ten 2
5357
6401
5402

Pal &

6426

- Tex §

8440
6441
Tex &

6453
6436
Tezx 8
6517
6522

5528
6535
6533
6541
6544

cosh

cos [ sin/

+0.865  #0.251 0.9
+o.978 0,211 0.938
+0.948 +0.324 - 0.912
+0.994 =0.112 0.582
+p.938 ~0.085 - 0,987
+1.000 ~0.028  0.985
’ +1.000 +°!003 0.%2
+0.999 ~0.041 0,91
+0.937 ~0.072  0.996
+0.999 ~0.049 0.895
+1.000 +0.017  0.830
+00995 +0-095 0-982
+0.359 . +0.930 0.821
+5.996  +0.085 0.985
+0.948 ~3.319 0.592
+1.000 ~0,007 0.996
+0.293 +0.117 0.384
+0.998 ~0.054  0.99%
+0.824 —0.586 0.953
+0.945  +0.316 0.961
+0.998 - -0.08% 1.000
+0,899 ~0.045  0.899
+0.986 =0.168  0.888
+0,968 0,250 0.993
+0.3a88 ~0.043  1.000
+0.987 ~0 160 0,938
+0.920 ~0.372 0.978
+0.928 +0.060 0,998
+0.832 +0.363 0.957
+0.999 +0.036 1.000
+0.882 +0.471 0,960
+0.598 +0.067 1.000
+6.991 +0.134 0.528
+0,994 —0.113 0.89%
+1.000 -0.025  0.999
+0.997 - 0074  0.998
+0.978 ~0.207  0.985
+0.598 +0.063  0.985
+0.944 +0.225 0,993
+1.000 +0.018 0.938
+ 1,000 +0.020 0,987
+0.850 +0.457 0.204
+0.935 +0. 355 0.993
+0.982 =0.186  0.981
+0.995 +0.102  ©€.989
AL PASE
ORIG

ainb sinfcosh

+0,292

+0.059
+0.411
+0. 127
+0.163

+0.172
+0,192
+0.138
+0.094
+0. 101

+0.139
+0.182
+0.572
+0. 168
~Q.125

+0.024
+0.177
+0.040
«0.202
+0.276

+0.023
+0.037
=0.062
=0. 117
+0.017

~2.050
0,208

“+0.069

+0.255
+0.031

+0.280
+0.029
+0.066
=0.087
=0.038

-0.069
=0.174
=0.036
+0.118
~0.068

-0.073
C+0.181

+0.118
=, 194
~.03%

*0.240
~0. 211
+0.295
~0.114
~0.054

~0,028
+0.002
=041
~0.072
~0.043

+0.017
+0.095

+0.763 -
. t0.084

~0.317

~0.007
+0.115
~0.064
=0.538
+0.304

~0.069
=0.045
~0. 168
-0.248
~0.043

-0, 160
~0.364
+0.060
+0.351
+p.036

+0.452
+°|OG?
+0.134
~0,112
=0.025

~0.074
0,204
+0.063
+0,327
+0.018

+0.020
+0.449
+0.353
~0.182
+0.102

TABLE B. AUXILIARY QUANTITIES (CONTINVUED)

coslcosd |escy

+0.888
+0.998
+0.862
+0.088
+0.9685

+0.985
+p.902
+0,990
+0.993

+0.994

+p.980
+0.978
+0.203
+0.982

+0.940 -

+0,926
+0.,977
+0.597
+0.786
+0.912

0,987
+0.928
+0.284
+0.952
+0.059

+0.9858

+0.008

+0.996
+0.901
+0.959

+0.847
+0.997
+0.089
+0.989
+0.959

+0.995
+0.964
+0.957
+0.938
+0.997

+0,997
+0.875
+0.928
+0.354
+0.994

2.55

17.1
2,43
rG:rd
6.13

5.80
522
7.33
10.3
9.93

7.18
53
175
592
8.00

10.6
564

24.9
3
362

437
2712
16,18
8.52
§7.9

16.8
482

14.4
392

22

.58
341
161
11.5
26.58

14.4
575

28,1
8.4

146
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5.52
8.47
5.15

25.8



TABLE B, AUXILIARY QUANTITIES (CONTINUED)

~ Cluster

6553
6558
1c1276
Tex 1§
6569

6584
6624
6528
6637
6624

5842
6652
5656
Pal @
6681

6712
6715
6717
6723
6749 -

§752
6760
Tez 7
6779
Pal 1D

192530
6809

Pal 11
6B3g
6864

vosl sin! cosb
+0.996 +0.082  0.899
+1.000 +0.004  0.294
+0.928 +0,372 0,995
+0.969 10,146 0.599
+1.000 +0.009 0.983
+0.952 0. 207 0.959
+0.999 +0.048  0.990
-+0.991 +0,138 0,995
+ 1,000 *+0.030 0.504
+0,930 +0.137 0,992
+0,285 +0.171 0.994
+1.000 +p.d27  0.280
+0.985 +0.171 0.991
+0.570 +0.244 0,983
+0.958 +0,950 0.976
+0.904 +0.428  0.997
+0.935 +0.099 0.570
+g+a78  t0.223 Q.882
+ 1,000 +0.001 0,955
+0.808 +0.588 0.39%
+0.917 —0.299  0.802
+0.808 10,889 - D.998
+0.998 +0.059 0.929
+0.459 +0.888 0.98%
+0.510 +0.793 0.999
+0.089 +0.18 0.935
+0,988 +0. 154 0.518
+0.850 +0.529 0.563
+0.548 +0,836 0.957
+0.938 +0.347 0.901
+0.614 +0.789 0.948
+0.818 +0.576  0.842
- t+0.442 +0.897 0.943
+0.422  +0.908 0.8588
+0,897 +0.802 0.511
~ +0.890 +0.457  0.684
+0.862 +0.508 D.674
+0.051 +0.998 0.735
+0.537 +0.802 0.447
JGINAD B2,
R QOR QUL

|

siab

=0.053
~0.104

+0.099

-0.023

B R )

~0.282
=0 138
=0.057
=0.178
= 125

=0 112
-0, 197
~0. 131
—0- 1 18

‘=0,217

-0.078%
~0.243
-0. 189
0. 297
«~0.039

-(3.432
"DDDGE
=-0.343
+0.145
+0.047

-0.355%
~0.385
-0.269
-0.079
—0.438

~0,224
=0.540
-0.332
=0.45%
~0. 585

-~0.729
-0.735
-0.578
~0,835

sinlcosh

+0.091

+0.004

- 0370

+0.146
+0.008

i-0.294
+0.048
+0.125
+0.030
+0.136

+0.170
+0.026
+0.170
+0.242
+O|046

+0.427
+0.095
+0.218
+0.001
+0.588

=0, 3E0
+0.338
~0.055
+0.879
+0,792

+0. 139
+0. 141
+0.507
+0.834
+0.313

+0.745
+0.485
+0.845
+0.805
+0.651

+0,312
+0,342

. +0.734

+0.358

cosleosh

+0.934
+0.59%
0,024
+03.983
+0.293

+0.813
+0.988
+0.285
+0.084
+¢.a83

+0.979
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TABLE C. UBVI EQUIVALENTS AND E (B-V) COLOR EXCESSES

\
|
1
!

i Cluster U=B

| Wt References V-l Wt References E[E-V) Wt
104 0.34 16 3,18,21 .42 8 2,1 a.06 10
288 0.11 1t 7 - = - 6.04 4
| 362 0.13 15 3.18,21 .31 A4 18 0.04 10
1261 0.12 9 10 - - - 0.02 3
! Pal | - - - - - - 0.9 3
L Pal 2 - - P i - - 0.734 z2
I 1851 g.14 16 10,18,21 .33 4 18 0. 11 7
1304 (.04 18 Hl&m 13 4 18 0.0 A
! 0.22 7 18,21 1.44 4 18 0.12 7
[ 2419 Q.11 15 7,13,18 .0 8 12,18 008 g
08 0.2/ 18 3,18,21 .63 4 0.2 .
Pal 3 - - - - - - 005 3
P31 0.38 014 3,189,221 .64 4 12 0.21 &
v Pal A - - - - - - 0.03 2
' 4147 008 13 15,18 1.06 & 12,18 0.02 10
| a4z oza: 3 A C - - ‘- 0.37 3
450 0,03 17 3,18;2! .18 @4 12,18 0.08 5
| 4833 0.31 15 3,18,21- ) .68 4 1§ 0.33 a
. 5024 0.05 B 2515 121,23, .11 2 12,18,25  0.02 13
r
h 5053 - - .6 4 18 0.05 g
L B129 O.19 18 19, 21 .3 4 18 .12 13
| 8272 0,10 41 géil 15, 18, .15 20 12,18,25 0.02 28
' 526 0.29 16 3,18,21 .51 4 18 0.20 7
| 5436 - - - .05 4 18 0.02 5
i 6834 0.13 19 10,1518 .25 6 12,18 0-06 ]
! 594 0,07 13 10,18 wZ 8 12,18 0.12 7
| 14288 - - - - - - 0.19 2
. 5324 0.5 16 10,18,21 1.3 8 12,18 0.15 7
I Pal 5 - ~ - - - - 0,15 3
| 837 o0.0% 4 15 .28 4 12 0.13 12
. E804 0.12 53 3'75§°é;"'5' .19 20 12,18,25  0.C5 22
‘ , 23, _
f =927 0.83 14 3,10 209 4 18 0.5 4
5948 D.43 3 3 - - - D.55 1
| 5836 0:30 16 3,18,21 .81 &8 12,i8 0.25 7
1608+15 - - - - - - 0.13 2
6053 D0.20 17 3,18,2% .49 8 12,18 0. 18 7
i eto1, - - pl - - - £.28 1
o121 ¥0.48 14 mmgt _ 1.84 8 12,48 0.35 a
i 6123 0.8 5 13,21 24 4 1 0.565 a
. Glea  ~ - - .42 4 12 0.22 3
©8171 052 22 11,151 1.8 8 12,18 035 17
| &3 0.06 B2 higgi .12 23 12,18,25,27 0.02 22
6218 0.20 31 13,7, 1& .46 8 12,18 0.18 17
| 6223 0.08 8 15,18 .25 8 12,18 0.05 5
P 6235 - - - - - - 0.24 1
| 6254 0.24 43 33755"3'2" 1.0 20 12,168,283  0.26 17

|

|

The quantity E (B-V) is not the same for individual sections

"of the clusters. 1
|
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11.48
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10,62
8.62
6.0
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TABLE C ( CQNTINUED)

i Cluster U-D Wt Reierences y.1 Wt References  ED-V) Wi
I 6256 - - - - - - - -
! Pef 15 - >y . - - — - - —
i’ 6266% 0.52 16 3,18,21 210 8 12,18 0,42 ]
. 6z73 0.35 23 3,7,18,21 73 8 12,18 .35 5
I ' .
! s2ma 0.36 4 18,21 .72 8 12,18 0.29 5
, e:7 - T - 2.33 4 0.52 3
6293 0.27 23 3,7,18,2% 1.68 8 12,18 0.35 <]
604 0.82 23 3,7,18,21 226 8 12,18 .50 7
6316 Q.57 12 7 2.42 4 12 Q.60 g
6325 - - - 2.82 4 {2 0.82 3
) 6333 0.30 25 3,11,18,21 1.75 g 12,18 0,22 [
! s34l o0.02 53 7,11,15 18,21, %10 23 12,18,25,27 0.03 25
P 23,25,27
P 6342 -~ - .85 4 12 0.50 3
! 6382 0.61 10 3,21 - - - 0.34 5
6355 - - - 2.36 4 12, 0.70 3
6356 0-58 A5 gén,\a.zt,za, .85 D 12, 18,25 0,32 14
Trr 2 - - - - - - CL2 i
6362 0,29 12 3,21 - = - 0.15 7
636 0.0 5 15 - - - .63 2
Trr 4 - - e - - - 1.92 H
F HP 1 - - - - - - 1.2 B
! &X0 F. - - - - - 0.7, L]
© g8 0.62 14 32 - - - 0.25 3
b Tez 1 - — - - - - A 0.5
fTon 2 = - - - - - 0.65: 0.5
. 637 O.15 14 3,21 - - - 0.15 0
§401 - - - 2.52 2 12 0,74 - 1
8402 0 34 257,15,13.21, 210 B8 12,18 0.38 16
Pal 6 - - - - - - 2.71 Q.5
! 6426 0.32 6 15 . 4 12 .30 a
Tex 5§ - - - 6.8 1T N a1 i
| 6440 0.97 0 1 3.23 18 12,18, 28 1.14 3
644t  0.75 6 3,18,21 2.16 4 i Q.48 4
| Tex & - - - - - - 1,12 1
6453 - - - %53 2 12 .65 2
6 496 - - - - - - 0.4 1
Trza 4 - - - - -~ - -
€517 0.9% 1o 7,15 304 4 12 1.00 &
€522 G.64 19 3,7,12,17 t.95 8 12,18 0.47 11
6528 0.98 4 3 .25 8 12,18 056 7
6535 Q.34 7 7'_15 - - - .33 a
5539 1.16 LI | 293 4 12 1.06 &
6541 0014 14 3,21 - hd - 0417 ¥
6544 (.68 4 1 50 g 12,13 0.72 A
6553 1.06 7 7,18,21 283 16 1%,13,77 0.2 &
6558 ~ - - - - - Q.47 i
1C 1276 - - - - - - &7 {
Tra 11, - - - - - . - :
6353 0.54 a 7,21 212 4 12 D52 4
6534 0.17 14 3,21 - - - 0.085 3
5824 0.57 23 3,7,18,21 .84 g 12,18 0.3X 7
6628 0.45 25 3,7,18,21 1.82 8 12,18 - 0,38 3
| €637 0.8 15 3,18,21 .. 168 B 12,18 0. 12 o
|l 6630 0.54 10 7,118,201 - 1.92 8 12,18 0,37 &

of the clusters.

‘The duantity E (B-V) is not the same for individual Béctiohs’
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i = TABLE C (CONTINUED) o
i c
Cluster V Wt - Refersinces B_V Wt Refetencas
" 6642 . 0.1 & Ltz 3 1 '
ez % T2 5, 5,9.12 28 0.89 - 23 '3,8,12,18
8656 So07 8.6 3,5.7,8,9,12, 13,22, 100 2 37.8,12,18,
Pehess s A2 3;3912,25 072 24 3,8,12,18
GBB‘ 8-18 * L » »
£712  B.13  B.0 3,5,8,8,11,12,13,15, L1441 38,11,12,15,
23,28 1
6715 761 4.2 3,5,8,5,12, & 0.84 25 3,8,1%,18,20
17 - - - - - :
87 226 Az 3,586,913 25 074 27 3,8,12,18,19,32
748 1807 0.7 15 - 1.63 2 15
§752 576 2.8 3,5 %9 0.66 22 3,32
6750 5.08 8.0 5,8,9,‘11,12, 15. 1.68 17 8,11,12, 15,27'29
Tra - - - - - _
e B2l 67 5,8.8,11,12,18, 22 087 32 g A101,10,22.23,
% T - - -
gﬁca 633 7.3 5,7,9,12, 24 0.69 25 3,7,8,12,18
Fol - - - - -
tad 838 4B 3,6,12,13,22 112 26 3,12,15,18,22
6354 B.52 A6  3,5,8,9,12,22 0.86 25 3.8,12,18,22,29
8934 903 7.7 5.0.0.11,1516,18,22 077 22 géiég1z , 15,18,
‘5981  9.35 41 5,8,9,12,15 0.74 14 8,12,15,18,28
7006 10.67 121 .a 7.8 .8, 11,12, 15, 78 28 'g.a 11,12, 15,18,
7078 6.48 10,8 3%§s7asﬁa1m 0.68 61 é mmﬂa
15
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. 5
3089 7.56 6.1 3.5,6,7,8,8,12,13,22  0.60 31 3.7 B, 12.13 22
Pal {2 - - - - -
Pal 12 145 0.2 17,20 07 1
7492 11.48 58 5,5,7,8,9 0.40 & 7,a
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emieesseso 0 NOTES TO TABLE C
/123

——

4372 The quantity B-V was calculated indirectly on the basis
of [21].. . 1 . S

' 6121 E(B-V) 1s not the same for individual sections of the

cluster.

6266 E(B-V) is different for different parts of the clusters.

6341 Similarity with the x—rayfsource 3U 173643 is not
excluded. ;

Trz 5  IRC-20385; K = 2.21; I-K = 5.23.

7078 In the center of the cluster a strong IR source was dis-
covered rat a wavelength of 10.2 (McGregor et al., 1973).
Similarity with the x-ray source 3U 2131411 is not

excluded.
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Cluster Sp(CH/Hy)
8362 {Faj
6366 (G5)

HP 1 (Gs):
6308 G2.5
€397 Fa.8
6401 {Fd)
6402 Fp. 1
€426 {F8}

Trs § (G5B
5440 G4.6
6441 G2.6
6453 F
6517 LGA?
6522 8.7
6523 G334
6538 Fé&}
53839 G3)
6541 =)
£544 Fg.0
£853 G2
6569 {G0)
€534 Gl.2
6624 G2.5
6626 F38.5
6637 G40
£638 G0.7
6642 Fa,2
G852 Gl.3

| g&s5 Fa.g
; &881 F7.7
6712 G0L.3
&715 F7.8
6723 Fg.8

€749 LFS)
6752 5.6

© 6760 gm
6779 4.6
£0802 Fa.7
6838 G2
| Geea  Fo.2
£534 F&.7
6o81 F7.5
7008 F4.9
7678 F3.2
7083 Fa.D
7098 Fa.B

t Pal 13 {F8)
7432 {F5}
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Kinman, T. D., 1959b.
Andrews, P. 'J., et al., 1973
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Cluster 1g 4 Wt References
' 104 .43 - 7 1,2,3,4
: 288 114 25 1,2,3,4,56
{ w2 1t 7 1,234
. 1251 o084 6 1,2, 4
i Pal 1 Q.25 16 1,47
i Pal 2 o028 14 A7
1 1851 .04 (1 1,.2,3,4
| 1504 0.94 31 1,2,3,4,5
2293  0.83 165 2345
i 2419 0.61 B 1,43 4,56
. 208 114 7 1,2,3,4
| Pel 3 Q44 15 1,4,7
; DY L 17 L2434
PoPel & 0,33 15 1,47 -
‘: 4147 0.60 a3 1, 2; 3.4:51518
: 4372 27 6 2,3,4
; 4580 .08 33 1,2, 4,56,8
! 48133 113 7 2,34
l 5024 .10 34 1,2,3,4,5.6,8
: 5053 .02 24 1,2,4,8
i 513 1,86 8 1,2,34
\ 5272 1.2f9 32 1,2,3,4568
: 5235 0.95 £ 2,34
! 5435 104 3 1,2, 4,56
! 5634 0.8 25 1,2,3, 45
! %6948 0.5 28 4.5,8
I 1cadge 388 5 24
f - E824 G.79 24 f; zg 3. “J 5; a
 Pal 5 G.84 15 1,47.9
} 5857 110 35 1,2,3,4,5.8
. 5904 .24 34 1,2,3,4,58
: 927 LOB & 23,4
‘ 6 099 17 L, 23,4548
b 1605*15 6.32 12 1,4
j. 6083 0.95 35 1,213,458
i 6101 103 & 23,4
- gl2l 1.42 35 1,Z3,45.8
! 813® 0.74 g 24
£144 0.97 34 2, 3,4,5%8
‘ 6171 1. 33 23,458
‘ 6218 1,16 34 1,2 3,4,35,8
. 5229 0.65 32 . 1)&3)41 5l653
6238 0.70 2 2,3, 4
f 62%4 1,18 33 1,2,3,45,8
: 6266 1.15 35 2,3,4,5,8
! 6273 113 26 2,3,4,58
6284 0.78 26 2,3,4,5%8
‘ 6287 0.7Y & 234,58
I 8263 0.90 28 23458
;‘ 6204 0.83 28 23,458
{ 6316 0.89 25 £3,4,58
: 8325 0.63 285 2,3, 4,510
! 6333 Q.57 34 1,303,458
: 8341 1.0% P 1,2,46,8
: 6342 0.47 28 23458
i 6352 0.3 8 23,4
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TABLE E (CONTINUED)

. Cluster lgd Wt References Mod) = wt Methods of dctermina&iori
{6355 0.70 18 4,8 164 0.1 7.8
: 6356 0.86 34 2,3,4,58 16.37 0 ..2,3,4,8
o Trz 2 017 7 4 - - -
i 5362 .03 9 1L234 14.14 2.9 1,2, 47,8
’ 6386 0.82 22 1) 2: 4:5 14-7 Gc‘ '
Trz 4 0,00 4 4 L = - -
¢ HP 1 0.45 8 4 - - -
i 6280 058 S5 4 - - -
6323 0,84 A& 23,4 149 0.y 7.8
Trz 1 0,44 4 4 - - -
i Ten 2 (.53 4 4 - - -
P 6397 L4l 7 1,2,3,4 1180 27 1,2,3,4,7,8
6401 075 20 2,4 16.3 9.1 7,8
| 58402 107 34 1,2,3,4,58 18.43 455 1,23,6,7,8,9
Pal &5 0.86 14 4,7 19.3 0.03 3,7.8 ’
" B4Z5 050 23 24,8 17,08 8.3  1,7.8
. Trz 5 0,32 2 4 . 230 0.01 7,
i 6440 073 23 2,4,5,8 17.1 0.1 7.8
6441 0.89 16 2,3,4,%5 16.0 0.2 47,8
Tea 6 007 A 4 - - -
. 6483 0,54 12 2,3,4 - 17.8 0. 7.8
, 6817 0,63 21 2,458 18.2 ot 7,8
. 852z Q.75 24 2,4,3,8 1522 28 1,%,4,7.8
. 6523 0,57 24 2,4,58 1%.91 .7 1,2,47.4
, 6335 Q.56 19 2,4 15.7 0.2  3,7,8
' 651 0.84 24 1,2,458 6.0 2. 7.8
¢ 6541 f.12 11 1,2,3,4 1432 a8 1,2,3,4,7,8
| B544 0.95 t8 4,8 15.1 0.15 4,7.8
* 6553 0!91 25 2] 3] 4.! 5# B {5\11 O-‘ 7: 3
6388 0.7 17 4 - - -
p1c1Z76 088 15 1,4,7,8 18.0 2  1,3,6,7.8
, .76 21 2,4,548 15,7 0.1 .
' 6584 0.90 6 2,34 157 0.15 47,8
.. 6624 0,77 21 24,58 16.2 0.1 ,8
F a5 I.OS 27 2.394!5.5 14.96 0.65 11 314)61718:9
;8637 0.8% 2,3,4,5,8 14,53 b5 1,2,4,5,6,7,8
| 6538 0.70 34 - 2,3,4,5,8 16.7 0.15 3,7.8
i 6642 0.65 20 2,4 16.1 0.05 4,78
| 6652 0,55 17 23,458 16.6 0.15 4,7,8
I 665 1.38 35 1,2,3,4,58 13,32 2 - 1,23,486,7,8,9
| Pol B 0.67 16 4,7 - - -
| 6681 0.89 25 2,3,4,58 187  5.i5 4,72
I 8712 0.86 22 2,4,58 1509 24 1,2,3,45,6,7,8
" 6715 .96 26 1,2,3,458 &2 o055 1,6,7.8,8
L6717 D53 14 4,7 - - -
J‘ 6723 1.04 26 1,2,3,4,5,8 1463 34 1,2,3,486,7.0
6749 0.80 12 4 _ - 16.3 0.08 7,8
i 6752 131 7 1,2,3,4 1211 28 1.2,3,7.8
' 6775 0.85 30 2,3,45,8 1537 29 1.2,3,46,7,0,9
i Pal 10 0.34 14 4,7 - - -
L. 192730 0,87 12 4 - - ¢
i Pal 11 0. 18 4,7,5 - - -
| €238 085 23 4,5,6,9 133 &9 1,2,3,4,6,7,8
: 6864 0.78 33 2,3 4,8,8 17.0 0.18 3, %,B
| &34 077 32 1,2.4,58 1603 32 1,2,3,4,7.0
ﬂ 6931 0.77 34 1,2 3.4,58 %12 30 1,237.8
7006 0.45 32 1, 24,552 1791 33 1,2,3,58,7.8
i 778 105 35 1,9,4,568 1522 37 1,43.4,7.2.9
, 7088 L1l 33 1,23,4,5,68 1843 34 1,23,47,2,
poo708s .04 38 1,23,45868 1452 223  1,23,47
| Pol f2 0.48 15 4,7,9 - - -
s oy Pal 13 0.25 15 4.7.9 16.70 1.1 1,7
| 7492 079 25 1,2,4,5,9 1618 2% . 1,2,3,7.8,9
i
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References for diameter measurements

¥King, I. R., et al., 1968 6. EKron, G. E., 1973

O oo~ Oh AR

%: Shapiey, H.. -et-al., 192¥b- -T. Abbell,-G. O., 1955 /122
3. Shapley, H., et al., 1935 8. Kron, G.E., et al, 1960.
Y. Kukarkin, B. V., 1974e 9. Kinman, I.D., et al., 1962
5. Mowbray, A. G., 19U6
“'Methods of determining distance.moduli
1. RR Lyrae . and horizontal branch stars.
2, The bright stars (Table 10 of this book).
3. The bright stars according to 3. van den Bergh, 1965.
4., Moduli according to visual determinations of S. van den Bergh,
1967.
Mira—-Cetus type stars.
Red varilable stars. ;
. The diameters of globular clusters.
Richness indices IR, |
Cepheids. !
F
'NOTES TO TABLE T
/123

, ? v
Table E does not include th Modapp

following clusters, since theiﬁ aceuracy is very low.

values for the

1608+156 18,6z:

. Trz 1 22,2: 5717 - 16.3::

tz 2 20,6:: Ton 2 18,213 Pal 10 18.%

Trz 4 23,4:: Trz & 20.2:: 1525-3C 16, %z
HP 1 18, 5:: [-1-1-12) 16,3: Pal 11 i8,7: .

6380 17.0z: Palg 18.0: Fal12 16,6z
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I Cluster
L 104 0-86 34
! 288 a. 0.65 0. 14
i 82 8.42 0.78 513
P 1281 8.64 0. 042
b Pal -4 - - -
i‘iF‘:ll 2 - 1.5 -
- 185y 670 0.77 0.14
1904 . 7.84 0.60 0.04
| 2708 9.44 0.74 0.22
Lo 2419 10.80 0.68 0. 11
h.
Po280 613 .21 0.27
| Pal_ 3 145 0. -
201 7.10 0.37 0.38
| Pal 4 14.5 0.8 -
V- 10.28 .62 0.06
\
i Aaz72 8.0 0.87: 0.28:
| 4530 8.25.  0.E6 0.03
4833 7.35 0.36 D31
5024 7.71 0.85 0.06
8053 8.98 0.63 -
5139 .65 079 0.19
5272 6.41 0.53 .10
5286 7.48 0.90 .29
5456 9.35 °  0.75 -
5634 9.88 0.68 0.13

|
| s6%4 10,17 072 0.07
Icaags 0.7 OB

1‘ 5824 8.96 0.76 o.'is
(Pal 8 11,6 - .
- 5897 8.5  0.75 0.08:
i .
i 5504 6.03  0.71 0.12
5827 7.95 1.31 0.83
| S ol 1.15 0.43
| 5986 7.53  0.89 0. 20
i1608H1S - - -
- .
i 6093 7.31  0.84 0.2
| &1l 8.9: 1.0: -
6121 5.96 1.04 .24
| 813 8.99 1,28 0.68
. 8144 8.07  0.84 -
L B
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108
1.25

1.27
1.38
1.28
118
2,09
1.51

1-“
1,84
.42

DATA

Sp

G2.6

[tn /H]}

82
- 137
~0.98

=125

- 1.00
-1.456
-1.46
-1.48

~1.38

~1.36
~1.15
~1.56

-1.59
-1.958
-1.87
~1.78
=187

~1.55
-1.44
-1.25
- 1.87
—1.50

-1.92
=1.79
~1.85
~1.34
+0.0%

" M- H
1,39

-1.45

N
Zo.70

Cluster

104
288

. 382
1251
Pel 1%

Pal 2
1851
15304
2208
2419

2808

5086
1t0g+His

6093
6104
6121
613
6144

~
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. L v t b 'v
" Cluster E(B-V) Mod, kps lgd B8 M, Ciuster
104 0.06 12.95 3.9 1.49 38 -3.08 104
: 28 0.04 14,32 7.3 1.14 29 -5.68 =8
; 282 .0.04 14,45 7.8 111 2 -8.18 252
. 1281 0.02 15.49 125 084 25 -6.91 1251
Lopal g 0.19 18,3 46 0.25 24 - Pal 1
.j ,
| Pal 2 0.73 17.1 26 0.2 14 - Pal 2

1851 - Q.11 1484 9,3 1.04 0 ~3.47 1851
© 1804 0.01 15.57. 13.0 0.94 33 1.7 1904
. 228 o.12 15.03 10. 1 .83 20 -5.95 2298

2413 0.05 18.92 61 .61 72 B 27 2419
. 2308 0.2 14.76 9.0 1.14 £ ~9.53 2808
"Pal 3 0.05 19.4 76 0,44 61 -0 Pal 3
T+ 0.21 1314 42 1.26 22 —6.67 3201
Cpel 4 0.03 18,15 68 0.33 42 -4.7 Pal 4
[ a147 0,02 16.31° 18,3  0.80 21 ~5.09 4147
|
| 4372 0.37 13.2 4.4 1,27 24 -G8 a372
4590 0.08 15.00 10.0 1.08 35 ~5.98 4550
{4833 0,33 13,53 5.1 1.13 20 ~7.18 4933
5024 0.02 16,1} 18.7 .10 61 ~8.46 5024
. 5053.  D.0B 15.60 13.2 1.02 0 -5.77 . 5G53
. 5129 0.12 13.45 4.3 1.56 52 -10.16 5139
' sz72 0.02 14.73 8.8 1.21 4z -B.38 5272
I 5286 0.20 14.8 9.1 0.96 24 -7.9 5286
'\ 5466  0.02 15.77 14,3 .04 48 —6.48 * 5356

5634  0.06 16.41 19,1 0.69 7 -7.0 5534
| se@4 0,12 17.5 32 0.56 34 -7.7 5694
licades 0,19 14.7: g.7:  0.88 x 4o 1¢ 4498
. 5024 0.15 16.67 246  0.79 39 8. 16 €824
f Pl 5 0.5 159 15.1  0.84 30 -47.  Pel s
| see7 0.3 15.17. 108 1,10 ) 597 5397
| ss08 0.8 825 5804
| 5927  0.50 ~7.57 5927
| S9BE  0.2% ~7.9 5385
% 1608415 0.13 - 1e0a+1s
[‘ .
. 6093 O.18 ~8.15 6093
ALY 0.26 -5 6101
©os1 0.36 w857 6124
I 0.65 =7.8 5159
. 6lad  0.22 -60 6143
I
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, B-V U-B
-uster
1
ls171 8,17 13 .52
53208 5.86 0.58 0.Q86
5218 .88 0.86 0.20
5228 .39 0.74 .08
§235 10.23 0.88 -
5254 €.63 0.92 0.24
6255 - - -
115 - - -
5266 6,53 1.14 0.52
§273 8.83 1.00 0.35
6284 9.03 0.7 0.35
16287 44 1.75 -
6293 . 0.97 0.27
6304 B.38 1.32 0.82
6316 1.30 0.57
B328 10.73 1.69 -
6333 . 7.5 0.96 0.2
6341 .50 0.53 Q0
6342 10,90 .25 -
i 6352 B. 1,03 0.61
i
6358 8,76 1.58 -
6356 “B.25 .14 0.58
I S 4 - - ~
6362 8,23 0.90 0.29
6386 10.08 .60 - .88
‘rx & - - -
L | - 20 -
. 631”0 - — -
| 6388 6.64 .16 0.52
re % - - -
Yon R - - -
i 6397 5.90 0.76 0:15
. 6401 9,44 .32 -
i BAD2 7.49 1.2 0.60
jal & 136 Ad -
| 6425 1148 0.99 0.32
irs 5§ 13,5 4.0 -
i 6440 9,39 1.97 0.97
| 8441 7.24 .25 0,78
drx B - - -
|
;8 9.77 .17 -
! Bags a.6 1.1 -
‘iﬂu =] - - -
: 6517 10.29 1.8t 0.99
6522 8.75 1. 0.54

'
i
i
|
:
'
|
1
4
i

.85
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TABLE F  (CONTINUED}

t

a ¥
Cluster ~ E(B-V) Modj kps lgd
8171 0. 35 13.60 5.2 1.00
6205 0.02 14.00 5.3 1,22
§21a 0.18 13.63 8,2 1,16
5229 0:06 16.57 21.6 0.5%
5235 0,24 15,5 13 0.70
C 8254 0.25 1315 4.3 1.18
i 6256 - o= - -
i Pal 15 - - - -
i 6268 0.42 14.18 6.9 118
" 8273 0,26 14.0 6.3 ‘1,13
6284 0.29 15,35 11.8 0.75
i 8287 3.52 14.5 7.9 0.71
6293 0.38 14,88 2.4 0.30
I &304 0.50 140 6.3 0.83
| 6318 0.80 15.0 10.0 0.89
I
bogizs . 002 147 8.7 - 0.63
,y &§333 0.38 1440 7.6 0.97
8341 .03 14,34 7.4 1.05
| 6342 0.50 18.8 213 0.47
| 6352 0.34 12.58 %8  0.85
]
f 6325 0.70 14.3 ? 0.70
| 6356 0.32 15,41 121 0.86
b Tra 2 ) - - 0.17
T 6356 0.68 12.7 3.5 0.92
|
!
‘Tex A 1.9: - - 0.00
iHP 1 1.2 - - 0.46
| &380 0.7 - - 0.89
|  &398 0.36 13.8 & 0.94
Tre 1 2.4: - - 0.44
3
1 Ton 2 0.65: - - 0.53
6397 0.15 11.45 2.0 1.41
{6401 0.74 14 K 0.75
Pal 6 a7 132 L 0.86
|
il .
{i 6426 0.30 16 17 0.50
lTn ] 3.1 18 6: 0.32:
| 6440 .14 137: 5.5 0.73
f 6441 thas 14.8 8 .89
JTII & 1.1 - - 0.07
i] .
| 6u53 0.68 15.9 15 0.54
' 6436 O.4: 13.2 3 0.84
Tezx 9 - - - -
F§517 1.00 15.2 1 0.63
| 8522 0,47 13.81 5.8 0.73
1
}
|
* QRIGINAL Ehﬁi}{ﬁ IS

D
ps

15
xn
22
23
18

12 oNRRZ

-
m~d

My

-8 48
-8, 20
- &3

~747

wbie
~7:34

-89t
~8.3

=72
~58
-7.5
~7:1
"-7-8

~6.7
=782
=7.93
~8.2
~5.20

=57
-89
-5.91

-6

=57

=56
=N
=78
~8.8

m-8.2
-Ba B
-9
~6.47

)

Cluster

£17!
605
6213
6225
6235

6254
8238
Pal 15
£266
6273

6284
G2a?
£293
&304
68315

6325
§333
8341
8342
8352

652535
6386
Trza 2
5382
6366

Tex 6
HP 1

6320
. B3gB
Trz 1

Ton 2
6357
6401
6402

Pel &

8426
Tr2 5
£440
5441
Trx &

G453
Tex 3

£517
&322
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Clugter

YAy

6749

3
B23

9.67

1C.62 .

9.52
6.91

o 8.30

TABLE F (CONTINUED)

0.68

0.60

0.7:
0.40

QO?OO

-
-
= |

'Ry  waka

o 000
-
b

V.l

G4

Fg.8

G2
(GO)

Go.2
Ga%
Fp.8
Ga.8
Go.?

Fo.2
G1.3
F4.g

F7.7

tm/2) | .
Cluster
+0.06 6528
0.7 £538
+0, 11t 6539
~1L61 6541
~{.94 £544
0. 22 6353
- 6559
- 1C1278
- Trx 11
«0.81 - 6559
=100 6534
=0.24 6624
=0.90 6626
~0. 18 © BB37
‘=0.65 6633
=0.82 6642
-0.68 6852
"'1.68 GF‘.{F‘
- Pal R
=-1,34 5621
=0.03 8712
-1.97 6715
- 6717
«~0.79 6723
- 6749
-1.52 . 6782
-0.76 §760D
- Tra 7
"1577 9
- Pat 10
- 1525-30
~1.55 6509
- Pal 11
—0-35 - SB%
-1.18 6854
~1.46 §934
-1,38 6981
~ 1. 50 006
-202 7078
-1.72 7089
-1.78 7099
- Pal 12
-1.2500 Pol 13
1.2 7432
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Cluster E(B~V)

. 6528
| 6535
6533
8541
6544

; 6853
. 6558
1C1276
Trx 114
. 5589

'

. 6584
YL
P 6626
i 6637
| 6638

£caz
. B8B52
b G656
Pal 8

0.66
0.33
1.08
Q.17
0.72

0.82
0.4
o7

0.52

0,08
.30
0.38
0.18
0.37

0.38
0.13
0.38
0.6
0.04

OCM
0.15
0.4:

0.03
0.82

0.04
g.92

0.21
0.8

0. 18
0.08
0.24
0.32

0.17

0.17
.06
0.08
0.09
0.086

0.06
.07

. .02

o.02

TABLE F (CONTINUED)

v
Modo_

1393
14.7
1258
13.81

C12g

12.6
15,9:
14.2:

15.4
15.2
1382
13.99
15.6

15,0
18.2
12.19

15.8

13.77
16.75

14.54

135: .

12.99
13.2:
14.74

13.3

12.43
16.5

15.52
15.94
17.67
14.95
15.25

14.34

16.6:
16,12

t

kps

&1
a.7
36
5.8
3']8

4.4:
B.9

4.6 -

31
20

12.8
15.4
34.2

9.8
1.2

7.4

218

16.8

!
|
|

t

-A-AOIOO

0.31
0.57
0.85

0.76

0.0

1.05
0.85

O
1 0w
-

OO
. -

oo 0
3B2ka 3

—3&44

000
5 N e
tammg

v
MO

~B:24
-5.1
-5.3:
=74
=58

~7.0

=7.0

~£.8
~7.9

~7.97.

-5.74
-7

~7.3
~-7-8
~3:.25

—7-.-6
-6.55
_8959
~7.37
-5.2

-7.35
~5:9

716

~7.25
511
285

=7.C0
=677

=7.24

=8.74
—8.93

. 626

-2 2

"=470

\

Clusier

§5d2
6535
£535
6541
BT44

£553
£558
tC 1276
Trex 13
6569

€554
8524
EE52

6637
€633

6642
€632
£558
Pal 8
6621

6712

715
6717
6723
6745

6752
678D
Tex 7
6779
Po! 10

1825430
€508

Pal 11
€533
€354

6934
6981
706
7078
7083

DS
Pel 2
Pal 13

7492
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Cluster x ¥ z RV wt
i ) —
W04+ 1.8 - 2,2 =27 -~ 1iB 6.6
288 - 0.1 0.0 = 7.3 - 47 20
_ 362 + 2.8 = 4.8 ~ B.5 +221 a2
; 1251 +°.1 .- 7-7 - 9.9 + 45 D-B
PPal 1 w28 +33: +15: - -
[ Pef 2 -28: + a: - 4 - -
! 1551 - 3,3 4+ 7.0 - 54 4310 2.3
1804 = Ba1 - E.b - 5.1 +158 21
‘ 2208 - 4.0 - 8,9 - 2.8 + 64 0.5
. 218 ~55.0 ~ 0.4 . +25.B + % 0.7
Y 2808 + 1.8 = B.7 - 1.B +101 2.4
- Pal 3 -28 ~48 +50 - -
31 + 0.5 -~ 4.2  + 0.8 +493 3.2
Pal 1 -20 -8 +& : - -
4147 - 1.2 - 3.9 +17.6 +188 0.5
4372 + 22 - 3,7 = 0,7 + 66 1.2
4590 + 4.0 - 70 + 59 ~116 0.4
4833 4 2.8 - A2 = D7 +204 1.2
5024  + 2.6 - L4 +18.4 -~112 0.9
5053 4+ 2.3 = D +12.9 - -
Y 538 + 3.0 3,7 -4 L3 +230 2,1
5272 4 1.3 + .2 +87 ~15a 5.5
5266 + 6.0 - 6.7 + 1.7 + 45 1 ]
. B4EB + 3.0 + 2.7 413,77 - -
5534 4119 - 3.8 +145 =~ §3 0.4
‘' EE94 24 ~13 +16 ~187 0.4
1C 4498 + 5; N -H - 3 - -
5824  +17.7 - 9,2 4+ B, ~ 58 0.4
Pal 8§ + 10,5 + 0.2 +10.8 - -
5887 + 9.0 - Z.8 + 5.5 - -
5504 % 4,5 + 0,3 + 4.9 + 50 .2
5927 + 5.3 ~ 2,5 + 0.8 - 88 0.6
5948 + $.5 - 4,4  + D.6 - -
£9BE + 7.7 - 8,3 ~ 2.0 + 2 0.4
16CE+1E 4501 +30% +80% - -
6093 + 9,0 - L2 + 3.2 + 15 0.9
U S Te + 4: - & -2 - -
6121 + L9 - 0.3 + 0,6 + 65 2.4
6139 + 8.1 =~ 2.8 + Lz + 20 0.8
€144  + 7.1 - 1.0 + 20 - -
5471 + 4.8 1+ 0.3 4+ 21 ~147 0.4
6205 + 2,5 + 4,1 + a4 -240 3.9
EZ18R + A6 + 1.3 + 24 i %1
6229 + 5.2  +i58 +13.9 ~152 0.8
£235 413 - 0,2 + 3 - -
6254 + 3.8 + 1,0 + L7 + 68 1.8
625858 + 6.8 - 0.8 + 0.9 - 77 1
6273 + 6.3 =~ 0.3 + L0 +114 0.9
6284 +1 1.6 - 0.3 + 2,0 + 22 0.4
6267 + 7.8 0.0 T %5 = -
5293  + 9.3 - 0.4 + A3 - 73 4
6304 + E.3 ~ 0.5 + 0,6 - 98 0.5
6316 + 8,8 - G.5 4+ 4O - T -
6325 + B.7 + 0.1 + {u2 - -
65333 + 7.4 + 0.7 + 1,4 4224 0.6
65341 + 22 4+ 86 + 4,2 +118 3.3
6342 +22 + 2 + - -
E352 4 3.5 ~ 1,2 - 0.5 - -
6355 + 7 -~ 0.1 + 1 - -
6356 +1L8é + L4 + 2 + 32 0.6
"E32 + 4.3 - 20 . - LG = 18 2.4 ¢
6356 4+ 3,1 + 1.0 + 10 - -
[
!
!
!
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APPENDIX (CONTINUED)

!

Q.1:

TE UL I+ T L bR s E bbb+l i+t bbbttt
H

Cluster X ¥
6388 4+ E5 ~ .4
63397 + 1.8 ~ 0.7
6401 4+ 6.4 + 0.4
8402 + B.7 + 3.4

Pal & + 52 + 0.2
6426 +14.6 + 7.8

Trz 5 + &: + 0,1
6440 + 5.4 + Q.7
64414 + B.3 - 0.9
6453 +15 -t
65496 + 4: - 1
6517 +10 + 4
6822 + B8 + 0.1
6528 + 6.1 + 0.1
6535 + 7.6 + 3.8
5539 + 3.4 + 1.3
6541 + 5.6 - L0
6544 4+ 3.8 + 0.4

 8E53  + A3  + 0.3

iC 1276 +14 + 6
6569 + 7z Oz
6584 +11.2 - 2.6
66 24 +11 + 0.5
EE 2B + 5.7 + 0.8
6637 + 6,2 4 0.2
BE 38 +13.0 + 1.8
6642 +10: + 23
56 52 +16.8 + Du.4
5656 + 2.7 + 0.5

Pal 8 +151 + 4%
6681 +12,9 + 0.6
E712 + 51 + 2.4
6715 +13.6 + 1.3
8717 +10: + 2
6723 + 7.7 Q.0
6749 + 4: 4+ 32
6782 4+ 3,3 - l.4
5760 + 3,5 + 2.5
6778 + 4,0 + 7.8

Pal 10 +10% +33%
5809 + 4,2 + 0.7

Pol 11 +13: + a:
6838 + 1.7 + 2.5
6864 +17 + &
934 + 7.4 + 8,5
6281 + 10,6 + 7.5
7006 +14,2 +28.8
7078 + A7 + 7.9
7089 + B.4 + 7.3
7099 + 4.5 + 2.3

Pal 42 1z + 7:

Pal 13+ U.8 +15.6
7452 + 4.5 + 6.0

t
#
i
!
|
!
|
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= SUPPLEMENTARY INFORMATION?ON GLOBULAR CLUSTER IC 4499 136
After the book was ready for publication, the work of

C. R. Fourcade .and J..R. Laborde) the Globular Cluster IC 4499,
Cordoba Astronomical Observatory Preprint, October 1973, was
received. Globular cluster IC MH99 is of particular interest,
because 1t may possibly have thejgreatest number of variable
stars of the RR Lyrae type. Unfdrtunately, all of the cluster
characteristics™ are very unreliaﬁle. Many of these characteristics
can now be glven with greater acéuracy. All of the new data

are given below. The weights are given 1n parentheses.

Table 3. AVm2HU)Sn43U}(B—V% -GTaULnBaITJ]ﬂ)
Table 4, K=0.50(1)

Table 8. MR =0.80 (1)
{ Table 8, mf~=18.}1(0.4) .

' Table 10, V5= 14.43; V252.16,10; E5=16.24; B5~=16.58

Teble 11, 1R=0,30{3.2) ‘

‘qghle C, E(B~V)}=0.27(3)

i Table D, Sp={(F8)(1); [m/1]=~1.36 (5)

Table E. zuod‘f «16.22(1.23)

, Teble F. Modo =15.41; t=12,1; lgD-143 My =~B.5
|Appendlx xm$.9; ymeed 0; zm—4.2
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